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#%-..&,'^'N-0&$%,'%-.&3+&,'&3'/6"2,',&5B'&3'16354"63'2$'4&./,'2&'2+/a4',$%'0&'4&%%-"3'&4'
2$' 4%-"4&.&34' :4&3&$%' "3"4"-0&' 28VWXB' /6$%' -B' g$%"59>' FB' e-#&3"3#&3>' 5B' Y&49F%"2#&' &4' 2B'
X634/&00"&%=' Y&,' N-0&$%,' ,634' 2&,'.6E&33&,' 6F4&3$&,' /6$%' 59-K$&' 4%-"4&.&34' &4' 59-K$&'
2-4&'2&'5600&54&'-1"3'286F4&3"%'$3'/%61"0'2&'2+#%-2-4"63'&3'16354"63'2&,'4%-"4&.&34,='==========='(@C'
!"#$%&'A@=')'h%"00-#&'.+4-00"K$&'/&%.&44-34'08&750$,"63'2&,'"3,&54&,'56063",-4&$%,='============'((?'
!"#$%&'A()'_N60$4"63'-$'56$%,'2$'4&./,'2$'/6$%5&34-#&'2&'Xf',;59&'%+,"2$&00&'2&,'F6$,&,'
&3' 16354"63' 2&,' .62-0"4+,' 28&750$,"63' 2&,' "3,&54&,' 56063",-4&$%,=' Y&,' 2633+&,' 634' +4+'
.6E&33+&,' /6$%' 59-K$&' .62-0"4+' &4' 59-K$&' 2-4&' 2&' 5600&54&' -1"3' 286F4&3"%' $3' /%61"0' 2&'
2+#%-2-4"63'&3'16354"63'2&,'4%-"4&.&34,='============================================================================'((A'
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!"#$%&' A?)' _N60$4"63' -$' 56$%,' 2$' 4&./,' 2&' 0-' 4&3&$%' &3'.-4";%&'."3+%-0&' 2&,' F6$,&,' &3'
16354"63'2&,'.62-0"4+,'28&750$,"63='Y&,'2633+&,'634'+4+'.6E&33+&,'/6$%'59-K$&'.62-0"4+'
&4' 59-K$&' 2-4&' 2&' 5600&54&' -1"3' 286F4&3"%' $3' /%61"0' 2&' ,63' +N60$4"63' &3' 16354"63' 2&,'
4%-"4&.&34,='========================================================================================================================'((A'
!"#$%&'AJ)'Q6$%5&34-#&'2&'Xf',;59&'%+,"2$&00&'2&,'F6$,&,'4%&"i&'.6",'-/%;,'0&$%'2+/a4'&3'
16354"63'2&,'.62-0"4+,'28&750$,"63'"3"4"-0&'2&,'"3,&54&,'56063",-4&$%,='==============================='((O'
!"#$%&'AA)'P&3&$%'&3'.-4";%&,'."3+%-0&,'2&,'F6$,&,'2&$7'.6",'-/%;,'0&$%'2+/a4'&3'16354"63'
2&,'.62-0"4+,'28&750$,"63'"3"4"-0&'2&,'"3,&54&,'56063",-4&$%,='============================================'((M'
!"#$%&'AO)'P&3&$%'&3'.-4";%&,'."3+%-0&,'2&,'F6$,&,',"7'.6",'-/%;,'0&$%'2+/a4'&3'16354"63'
2&,'.62-0"4+,'28&750$,"63'"3"4"-0&'2&,'"3,&54&,'56063",-4&$%,='============================================'((C'
!"#$%&'AM)'_N60$4"63'-$'56$%,'2$'4&./,'2&'0-'.-4";%&'6%#-3"K$&',;59&'%&,4-34&'2&,'F6$,&,'
4+.6"3,='Y&,'F6[4&,'S'.6$,4-59&,'%&/%+,&34&34'0-'2",/&%,"63'2&,'5"3K'%+/0"5-4,'/6$%'59-K$&'
2-4&='==================================================================================================================================='((U'
!"#$%&'AC)'_N60$4"63'-$'56$%,'2$'4&./,'2&,'56&11"5"&34,'2&'N-%"-4"63'2&'0-'.-,,&',;59&'2&'0-'
.-4";%&'6%#-3"K$&'2&,'F6$,&,'/6$%'0&,'2"11+%&34,'4%-"4&.&34,'28&750$,"63='========================='((]'
!"#$%&'AU)'_,/;5&,'$4"0",+&,'2-3,'0&,'2"11+%&34,'.+,656,.&,'==========================================='(J@'
!"#$%&'A])'V3,4-00-4"63'2&,'.+,656,.&,',$%'0&'4&%%-"3'28&7/+%"&35&'2$'D_!_='==================='(J?'
!"#$%&'O@)'*&0-4"63'&34%&'0-'F"6.-,,&'2&,'F6$,"&%,'&4'-B'0-'/&%4&'2&'.-4";%&'6%#-3"K$&'2&,'
2+T&54"63,' &4' FB' 0-' /&%4&' 2&' 0"4";%&' :/6"2,' ,&5B' 2-3,' 0&,' ,-59&4,' /6$%' 08&3,&.F0&' 2&,'
.+,656,.&,=' D9-K$&' /6"34' &,4' 0-' .6E&33&' 2&,' K$-4%&' %+/0"5-4,' 2&' 59-K$&' 4%-"4&.&34'
6F4&3$&'-/%;,'$3',+T6$%'2&'O'.6",',$%'0&'4&%%-"3='Y-'0"#3&'/6"34"00+&'%&/%+,&34&'0-'%+#%&,,"63'
0"3+-"%&',"#3"1"5-4"N&'&34%&'0-'F"6.-,,&'&4'0-'N-%"-F0&':/'j'@>@OB='========================================='(JO'
!"#$%&'O()'*&0-4"63'&34%&' 0&,'&11&54"1,' 2&'F6$,"&%,'&4' -B' 0-'/&%4&'2&'.-4";%&'6%#-3"K$&'2&,'
2+T&54"63,'&4'FB'0-'/&%4&'2&'0"4";%&',;59&'2-3,'0&,',-59&4,'/6$%'0&,'4%6",'&,/;5&,'563,"2+%+&,='
D9-K$&' /6"34' %&/%+,&34&' 0-' .6E&33&' 2&,' K$-4%&' %+/0"5-4,' 2&' 59-K$&' 4%-"4&.&34' 6F4&3$&'
-/%;,' O' .6",' ,$%' 0&' 4&%%-"3' -"3,"' K$&' ,63' &%%&$%' ,4-32-%2=' Y&,' 2%6"4&,' -N&5' 4"%&4,' &4' &3'
/6"34"00+,'%&/%+,&34&34'0&,'%+#%&,,"63,'0"3+-"%&,',"#3"1"5-4"N&,'&34%&'0&'36.F%&'28"32"N"2$,'&4'0-'
N-%"-F0&':/'j'@>@OB'/6$%'O. vacca'&4'C. erraticus,'%&,/&54"N&.&34='======================================'(JM'
!"#$%&'O?)'*&0-4"63'&34%&'0&,'&11&54"1,'2&'F6$,"&%,'&4'-B'0-'4&3&$%'."3+%-0&'2&,'2+T&54"63,'&4'
FB'0-'.-,,&'2&'/&064&,'1+5-0&,'/6$%'0&,'4%6",'&,/;5&,'563,"2+%+&,='D9-K$&'/6"34'%&/%+,&34&'
0-'.6E&33&'2&,'K$-4%&' %+/0"5-4,'2&'59-K$&' 4%-"4&.&34'6F4&3$&'-/%;,'O'.6",',$%' 0&' 4&%%-"3'
-"3,"' K$&' ,63' &%%&$%' ,4-32-%2=' Y-' 2%6"4&' -N&5' 4"%&4,>' 5&00&' &3' /6"34"00+,' &4' 0-' 2%6"4&' /0&"3&'
%&/%+,&34&34' 0&,' %+#%&,,"63,' 0"3+-"%&,' &34%&' 0&' 36.F%&' 28"32"N"2$,' &4' 0-' N-%"-F0&' /6$%' O.
vacca,''D='&%%-4"5$,'&4'C. schreberi>'%&,/&54"N&.&34='=========================================================='(JU'
!"#$%&' OJ)' *&/%+,&34-4"63' #%-/9"K$&' 2&,' 56./6,"4"63,' ,/+5"1"K$&,' 2&,' 2"11+%&34,'
.+,656,.&,=' D9-K$&' 5-%%+' %&/%+,&34&' $3' -,,&.F0-#&' 28&,/;5&,' 2634' 0&,' 56./6,"4"63,'
%&0-4"N&,' ,634' 2+4-"00+&,' &34%&' /-%&349;,&,' :QC.E.'^QO.V.'^QC.S.B>' 6k'Q' &,4' 0-' /%6/6%4"63' "3"4"-0&'
28"32"N"2$,' 2&' 59-K$&' &,/;5&' :C.E.)' Colobopterus erraticus'^' C.S.)' Caccobius 
schreberi''^O.V. )'Onthophagus vaccaB='=============================================================================='(AJ'
!"#$%&'OA)'Z6.F%&'2&'3"2,'-$'4&%.&'2&'08&7/+%"&35&'&3'16354"63'2$'36.F%&'464-0'28"32"N"2$,'
28Onthophagus'&4'2&'Caccobius'2-3,' 0&,'.+,656,.&,='Y-'2%6"4&' %&/%+,&34&' 0-' %+#%&,,"63'
0"3+-"%&'&34%&'5&,'2&$7'N-%"-F0&,='======================================================================================='(AU'
!"#$%&' OO)' X-,,&' ,;59&' 2&,' 3"2,' -$' 4&%.&' 2&' 08&7/+%"&35&' &3' 16354"63' 2$' 36.F%&' 464-0'
28Onthophagus'2-3,'0&,'.+,656,.&,='Y-'2%6"4&'%&/%+,&34&'0-'%+#%&,,"63'0"3+-"%&'&34%&'5&,'
2&$7'N-%"-F0&,='==================================================================================================================='(A]'
!"#$%&'OM')'h%-"3&'-E-34'#&%.+'2-3,'$3&'/&064&'1+5-0&'&316$"&'2-3,'$3'2&,'.+,656,.&,=
'==========================================================================================================================================='(O@'
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!"#$%&'OC)'Q6$%5&34-#&'2&'/&%4&'2&'.-4";%&'6%#-3"K$&',;59&'-$' 4&%.&'2&' 08&7/+%"&35&' :O'
.6",B' &3' 16354"63' 2$' 36.F%&' 28"32"N"2$,' 28Onthophagus' 2-3,' 0&,'.+,656,.&,=' Y-' 2%6"4&'
%&/%+,&34&'0-'%+#%&,,"63'0"3+-"%&'&34%&'5&,'2&$7'N-%"-F0&,='================================================'(O?'
!"#$%&'OU)'P&3&$%'&3'.-4";%&'."3+%-0&'2&,'2+T&54"63,':lB'-$'4&%.&'2&'08&7/+%"&35&':O'.6",B'
&3' 16354"63' 2$' 36.F%&' 28"32"N"2$,' 28Onthophagus' 2-3,' 0&,' .+,656,.&,=' Y-' 2%6"4&'
%&/%+,&34&'0-'%+#%&,,"63'0"3+-"%&'&34%&'5&,'2&$7'N-%"-F0&,='================================================'(OJ'
!"#$%&' O])' P&3&$%' &3' -i64&' 2&,' 2+T&54"63,' /-%' %-//6%4' -$' /6"2,' ,&5' :lB' -$' 4&%.&' 2&'
08&7/+%"&35&' &3' 16354"63' 2$' 36.F%&' 28"32"N"2$,' 28Onthophagus' 2-3,' 0&,'.+,656,.&,=' Y-'
2%6"4&'%&/%+,&34&'0-'%+#%&,,"63'0"3+-"%&'&34%&'5&,'2&$7'N-%"-F0&,='======================================'(OM'
!"#$%&' M@)' P&3&$%' &3' 5-%F63&' 2&,' 2+T&54"63,' /-%' %-//6%4' -$' /6"2,' ,&5' :lB' -$' 4&%.&' 2&'
08&7/+%"&35&' &3' 16354"63' 2$' 36.F%&' 28"32"N"2$,' 28Onthophagus' 2-3,' 0&,'.+,656,.&,=' Y-'
2%6"4&'%&/%+,&34&'0-'%+#%&,,"63'0"3+-"%&'&34%&'5&,'2&$7'N-%"-F0&,='======================================'(OM'
!"#$%&'M(')'P&3&$%'&3'-i64&'2$',60'/-%'%-//6%4'-$'/6"2,',&5':lB'-$'4&%.&'2&'08&7/+%"&35&'&3'
16354"63' 2&' 0-' .-,,&' N+#+4-0&' ,;59&' 2-3,' 0&,' .+,656,.&,=' Y-' 2%6"4&' %&/%+,&34&' 0-'
%+#%&,,"63'0"3+-"%&'&34%&'5&,'2&$7'N-%"-F0&,='======================================================================'(M@'
!"#$%&'M?')'P&3&$%'&3'5-%F63&'2$',60'/-%'%-//6%4'-$'/6"2,',&5':lB'-$'4&%.&'2&'08&7/+%"&35&'
&3' 16354"63' 2&' 0-' .-,,&' N+#+4-0&' ,;59&' 2-3,' 0&,' .+,656,.&,=' Y-' 2%6"4&' %&/%+,&34&' 0-'
%+#%&,,"63'0"3+-"%&'&34%&'5&,'2&$7'N-%"-F0&,='======================================================================'(M@'
!"#$%&' MJ' )'m$-34"4+' 28-i64&'."3+%-0' 2$' ,60' :.#'#G(' ,60' ,&5B' -$' 4&%.&'2&' 08&7/+%"&35&'&3'
16354"63' 2&' 0-' .-,,&' N+#+4-0&' ,;59&' 2-3,' 0&,' .+,656,.&,=' Y-' 2%6"4&' %&/%+,&34&' 0-'
%+#%&,,"63'0"3+-"%&'&34%&'5&,'2&$7'N-%"-F0&,='======================================================================'(M?'
!"#$%&'MA')'W-0&$%,'2$'%-//6%4'Zn
A
oZf
J
'2-3,'0&',60'-$'4&%.&'2&'08&7/+%"&35&'&3'16354"63'2&'
0-'.-,,&'N+#+4-0&',;59&'2-3,'0&,'.+,656,.&,='Y-'2%6"4&'%&/%+,&34&'0-'%+#%&,,"63'0"3+-"%&'
&34%&'5&,'2&$7'N-%"-F0&,='===================================================================================================='(MJ'
!"#$%&'MO)'m$-34"4+'28-i64&'."5%6F"&3'2$',60' :p#=#G('2%E' ,6"0B' -$' 4&%.&'2&' 08&7/+%"&35&' :O'
.6",B'&3'16354"63'2&'0-'.-,,&'N+#+4-0&',;59&'2-3,'0&,'.+,656,.&,='Y-'2%6"4&'%&/%+,&34&'0-'
%+#%&,,"63'0"3+-"%&'&34%&'0&,'2&$7'N-%"-F0&,='======================================================================='(MO'
!"#$%&'MM')'Q6$%5&34-#&'.6E&3'2&'/&%4&':/6"2,',&5B'2&'.-4";%&'6%#-3"K$&'2&,'F6$,&,':/6$%'
59-K$&' .+,656,.&B' &3' 16354"63' 2&' 0-' F"6.-,,&' 2&,' "3,&54&,' 16$",,&$%,' 2-3,' 0&,'
.+,656,.&,':.#B':%+#%&,,"63'0"3+-"%&')'*
?'
\'@>C@MB='========================================================='(MU'
!"#$%&'MC)'P&3&$%'&3'.-4";%&'."3+%-0&'.6E&33&'2&,'F6$,&,':/6$%'59-K$&'.+,656,.&B'&3'
16354"63' 2&' 0-' F"6.-,,&' 2&,' "3,&54&,' 16$",,&$%,' 2-3,' 0&,' .+,656,.&,' :.#B' :%+#%&,,"63'
0"3+-"%&')'*
?'
\'@>CM]B='=========================================================================================================='(M]'
!"#$%&'MU)'X-,,&'.6E&33&':/6"2,',&5B'2&,'3"2,'&316$",'/-%' 0&,' "3,&54&,' :#B' :/6$%'59-K$&'
.+,656,.&B'&3'16354"63'2&'0&$%'F"6.-,,&'2-3,'0&,'.+,656,.&,':%+#%&,,"63'0"3+-"%&')'*
?'
\'
@>UAMB='================================================================================================================================'(M]'
#
#
#
#
#
#
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Liste des tableaux : 
P-F0&-$'()'_11&54"1,'2&'560+6/4;%&,'56/%6/9-#&,'5-/4$%+,'&3'?@((',$%'0&',"4&'28+4$2&':#%q5&'
S'A'/";#&,'Dd*'%&0&N+,'2&$7'T6$%,'-/%;,'08-//q4-#&B='=========================================================JO'
P-F0&-$'?')'*+,$04-4,'2&'08`ZfW`'S'?'1-54&$%,',$%' 0-'5635&34%-4"63'&3'VWX'2&,'F6$,&,'&3'
16354"63'2$'4%-"4&.&34':J>'C>'(A'&4'?U'RQ`B'&4'2$'4&./,':@>'(>'?>'M>']'&4'(J'.6",B='================AJ'
P-F0&-$'J)'D-%-54+%",4"K$&,'50".-4"K$&,'&4'/%6/%"+4+,'2$',60'2&,'2"11+%&34,',"4&,'28+4$2&='====CU'
P-F0&-$'A')'`/&%L$'2&,'&11&4,'2&'08VWX'S'2"11+%&34&,'5635&34%-4"63,':&3'.#=c#
G(
'2&'/6"2,',&5B'
,$%'0&,'2"11+%&34,'#%6$/&,'4-7636."K$&,>',&063'0&,',"4&,'28+4$2&')',"#3"1"5-4"1,'&3'%6$#&>'363G
,"#3"1"5-4"1,'&3'N&%4'&4'"34&%.+2"-"%&,'&3'T-$3&='=====================================================================U('
P-F0&-$'O)'*+,$04-4,' 2&' 08`ZDfW`' %+-0",+&' ,$%' 0-'.-,,&' 2&'.-4";%&' 6%#-3"K$&' ,;59&'&3'
16354"63'2$',"4&>'2$'4&./,'/-,,+',$%'0&'4&%%-"3>'2&'0-'5635&34%-4"63'"3"4"-0&'&3'"N&%.&54"3&'2&,'
2+T&54"63,'&4'2&'0&$%,'"34&%-54"63,'%&,/&54"N&,='Y&,'"34&%-54"63,'363',"#3"1"5-4"N&,'634'&3,$"4&'
+4+'%&4"%+&,'2$'.62;0&'-1"3'2&'3&'563,&%N&%'K$&'0&,'N-%"-F0&,',"#3"1"5-4"N&,='====================='(@M'
P-F0&-$' M)'X-,,&' ,;59&' :&3' #%-..&,B' 2&' 0-'.-4";%&' 6%#-3"K$&' 2&,' F6$,&,' :.+2"-3&' &4'
"34&%K$-%4"0&,B'/6$%'0&,'2"11+%&34,'4%-"4&.&34,'28&750$,"63'S'2&$7'2-4&,'-/%;,'0&$%'2+/a4':M'&4'
(J'.6",B='============================================================================================================================'((]'
P-F0&-$'C)'`F632-35&,'&4'F"6.-,,&,' "3"4"-0&,' :/6"2,',&5B'2&,' "3,&54&,' "34%62$"4,'2-3,' 0&,'
2"11+%&34,'.+,656,.&,='======================================================================================================'(J?'
P-F0&-$'U)'_11&4,'2&,'&,/;5&,'&4'2&'0-'2&3,"4+'&3'F6$,"&%,',$%' 0-'2",/-%"4"63'2&'0-'Xf'2&,'
F6$,&,' &4' ,$%' 0-' /&%4&' 2&' 0"4";%&=' Y&,' !' N-0$&,' 2&' 08`ZDfW`' ,634' 2633+&,)' 0&,' &11&4,'
,"#3"1"5-4"1,':Qj@>(B',634'&3'#%-,='========================================================================================'(JC'
P-F0&-$'])'`F632-35&'&4'F"6.-,,&'"3"4"-0&':.#>'/6"2,',&5B'2&,'&,/;5&,'2-3,'0&,'2"11+%&34,'
.+,656,.&,'======================================================================================================================'(AA'
P-F0&-$'(@)'Q-%-.;4%&,'2$'hYX'"310$&3L-34'0&'36.F%&'&4'0-'.-,,&'2&'3"2,'/+264%6/9"K$&,
'==========================================================================================================================================='(AU'
P-F0&-$'(()'Q-%-.;4%&,'2$'hYX'"310$&3L-34'0-'.-,,&'N+#+4-0&',;59&'=============================='(O@'
P-F0&-$'(?)'Q-%-.;4%&,'2$'hYX'"310$&3L-34'0&'/6$%5&34-#&'2&'/&%4&'2&'.-4";%&'6%#-3"K$&'
,;59&'2&,'F6$,&,'=============================================================================================================='(O('
P-F0&-$'(J)'Q-%-.;4%&,'2$'hYX'"310$&3L-34'0-'4&3&$%'."3+%-0&'2&,'2+T&54"63,'================='(OJ'
P-F0&-$' (A)' Q-%-.;4%&,' 2$' hYX' "310$&3L-34' 0&,' 4&3&$%,' &3' -i64&' &4' 5-%F63&' 2-3,' 0&,'
2+T&54"63,'/-%'%-//6%4'-$'/6"2,',&5':lB'============================================================================='(OO'
P-F0&-$'(O')'Q-%-.;4%&,'2$'hYX'"310$&3L-34'0&'/6$%5&34-#&'2&'/&%4&'2&'0"4";%&'================'(OC'
P-F0&-$' (M' )' W-0&$%,' .6E&33&,' 2&,' /-%-.;4%&,' 2$' ,60' &3' 16354"63' 2&,' 4%-"4&.&34,' 2&,'
2"11+%&34,'.+,656,.&,'======================================================================================================='(OU'
P-F0&-$'(C')'Q-%-.;4%&,'2$'hYX'"310$&3L-34'0-'4&3&$%'&3'-i64&'2$',60'/-%'%-//6%4'-$'/6"2,'
,&5':lB'==============================================================================================================================='(O]'
P-F0&-$'(U')'Q-%-.;4%&,'2$'hYX'"310$&3L-34'0&'/6$%5&34-#&'2&'5-%F63&'2-3,'0&',60'========'(O]'
P-F0&-$'(]')'Q-%-.;4%&,'2$'hYX'"310$&3L-34'0-'4&3&$%'&3'-i64&'."3+%-0'2$',60'================'(M('
P-F0&-$'?@')'Q-%-.;4%&,'2$'hYX'"310$&3L-34'0&'%-//6%4'Zn
A
oZf
J
'2-3,'0&',60'===================='(M?'
P-F0&-$'?(')'Q-%-.;4%&,'2$'hYX'"310$&3L-34'0-'K$-34"4+'28-i64&'."5%6F"&3'2$',60':p#=#G(',60'
,&5B'&3'16354"63'2&'0-'.-,,&'N+#+4-0&',;59&>'2&,'&,/;5&,'&4'2&'0&$%,'"34&%-54"63,'==========='(MA'
P-F0&-$'??')'Q-%-.;4%&,'2$'hYX'"310$&3L-34' 0-'K$-34"4+'2&'5-%F63&'0&,,"N-F0&'2-3,' 0&',60'
:p#=#G(',60',&5B'=================================================================================================================='(MO 
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Liste des abréviations : 
AIC : Akkaike Information Criterion 
AMM : Autorisation de Mise sur le Marché 
ANCOVA : Analysis Of Covariance 
ANOVA : Analysis Of Variance 
C1, C2, C3 : Concentrations 1, 2, 3 
CE : Colobopterus erraticus 
CEFE : Centre d’Ecologie Fonctionnelle et Evolutive 
CS : Caccobius schreberi 
DDL: Degré De Liberté 
DOTTS : Dung Organism Toxicity Test Standardization 
DPA : Days Post Administration 
DT50 : Half-Life Degradation Time  
EC50 : Half maximal Effective Concentration 
EMA : European Medicine Agency 
ERA : Environmental Risk Assessment 
GLM : Generalized Linear Model 
IVM : Ivermectine 
KW : Kruskal-Wallis 
LC50 : Median Letale Concentration  
LN : Logarithme Népérien 
LOD : Limit Of Detection 
LOEC : Lowest Observed Effect Concentration 
MEA : Millenium Ecosystem Assessment 
MO : Matière Organique 
MW : Mann-Whitney 
NOEC : No Observed Effect Concentration 
OCDE : Organisation de Coopération et de Développement Economique 
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OV : Onthophagus vacca 
SML : Saint-Martin de Londres 
TEEB : The Economics of Ecosystems and Biodiversity  
UBA : Umwelt Bundesamt 
UE : Union Européenne 
US : United States 
VICH : International Cooperation on Harmonisation of Technical Requirements for 
Registration of Veterinary Medicinal Products 
VMP : Veterinary Medicine Product 
W : Wilcoxon 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 13 
 
1! Etat de l’art 
1.1!Structure de la communauté 
1.1.1!Un micro-habitat 
Z/4)#-4#C&+)F)19%"#8`1-$CI#(")#0CE"&1'+4)#0")#/4'%/-<#&+4)1'1-"41#0")#%'&$+@6/D'1/1)#
/-<# &/$/&1C$')1'M-")# 8/$1'&-('9$")# 8-')M-5'()# )+41# $"(/1'B"%"41# 8"1'1)# "4# 1/'(("I# 0')8"$)C)# "1#
05-4"# 0-$C"# ('%'1C":# .")# "<&$C%"41)# )+41# &/$/&1C$')C)# 8/$# ("-$# 1"<1-$"I# ("-$# &+%8+)'1'+4#
&6'%'M-"#"1# ("-$# 1"4"-$#"4#"/-#M-'#0',,9$"41# )"(+4# ("-$#+$'>'4"# T+B'4)I#D+B'4)I#CM-'0C)cV#"1#
("-$# `>"# T;+6$I# deHfV:# .")# %'&$+@6/D'1/1)# B+41# 71$"# 8(-)# +-# %+'4)# $/8'0"%"41# /(1C$C)# "4#
,+4&1'+4#0")#&/$/&1C$')1'M-")#86F)'M-")#"1#&('%/1'M-")#0"# (5"4B'$+44"%"41# T"4#8/$1'&-('"$# (")#
8$C&'8'1/1'+4)I# (/#1"%8C$/1-$"#"1# ("#B"41V:#.")#0',,C$"41")#&+40'1'+4)# '4,(-"4&"41# (/#B'1"))"#0"#
0"))'&&/1'+4# 0")# "<&$C%"41)# "1# 8/$# &+4)CM-"41# ("-$# /11$/&1'B'1C:# ."(("@&'# ")1# >C4C$/("%"41#
%/<'%/("# 8"40/41# (")# 8$"%'9$")# 6"-$")# /8$9)# ("-$# 0C8]1# 8-')# "(("# 1"40# G# 0'%'4-"$# 8(-)# +-#
%+'4)#$/8'0"%"41#"4#,+4&1'+4#0"#)/#&+%8+)'1'+4#"1#0")#&+%8+)C)#B+(/1'()#8$C)"41)#T/11$/&1'B'1C#
05/-1/41# 8(-)# (+4>-"# M-"# (")# "<&$C%"41)# )+41# $'&6")# "4# &+%8+)C)# /R+1C)V:# A-%/$"1# "1#?'$L#
TdeghV#+41#%+41$C#M-5'(#"<')1/'1#-4"#$"(/1'+4#8+)'1'B"#0'$"&1"#"41$"#(/#1/'(("#0"#(5"<&$C%"41#"1#(/#
0-$C"#05/11$/&1'B'1C:#Z"-<#%+09(")#8$'4&'8/-<#+41#C1C#%')#"4#CB'0"4&"I#D/)C)#)-$#(/#1/'(("#0"#
(5"<&$C%"41#"1#)+4#+$'>'4"#\#dV# ("#%+09("#i#D+-)"#j#/B"&#-4"#,+$1"# 1"4"-$#"4#"/-#8"$%"11/41#
/-<# (/$B")# 0")# '4)"&1")# &+8$+86/>")# 0"# )"# 0CB"(+88"$# G# &+40'1'+4# 0"# $")1"$# 0/4)# -4"# R+4"#
'41"$%C0'/'$"# "41$"# (/#&$+k1"# 1$9)# )9&6"#"1# (/#%/1'9$"# ,C&/("#"4&+$"# ,$/l&6"I#"4# CB'1/41#0571$"#
$"E+'41")#8/$#("#,$+41#0"#0"))'&&/1'+4#M-'#)C8/$"#&")#0"-<#R+4")#"<1$7%")#TA-%/$"1I#dehmV#n#oV#
("#%+09("# i#&$+11"# 0"#%+-1+4#jI# 8(-)# )9&6"# "1# )-E"11"# G# -4"# 0"))'&&/1'+4# $/8'0"# ,+$_/41# (")#
(/$B")#0")#'4)"&1")#&+8$+86/>")#G#)"#0CB"(+88"$#G#(5'41"$,/&"#)+(@"<&$C%"41#+-#%7%"#0/4)#("#
)+(#)+-)@E/&"41:##
QB"&# &")# &/$/&1C$')1'M-")I# (")# "<&$C%"41)# $"8$C)"41"41# 0")# %'&$+@6/D'1/1)# 1$9)#
8/$1'&-('"$)# "1# C86C%9$")#8+-$#0"#4+%D$"-<#+$>/4')%")# &+8$+86'(")# T;+6$I#deHfVI#%/')# '()#
8"-B"41#C>/("%"41#$"8$C)"41"$#-4"#$"))+-$&"#"4#"/-#"1#"4#)-D)1/4&")#/R+1C")#4+4#4C>('>"/D("#
8+-$# 0"# 4+%D$"-)")# ")89&")# 05'4B"$1CD$C)# 4+4# &+8$+86/>")# T/D"'((")I# (C8'0+819$")VI#
)8C&'/("%"41#0/4)#(")#$C>'+4)#/$'0")#+-#0-$/41#(")#8C$'+0")#)9&6")#0"#(5/44C":##
1.1.2!Une ressource pour une grande diversité d’acteurs 
A")# ")89&")# )+41# )8C&'/(')C")# "1# /0/81C")# G# 0")# 4'&6")# C&+(+>'M-")# 8/$1'&-('9$")#
T=&6+"4"$I#dehHn#Z+-D"I#deghV#"1#("-$)#8$C,C$"4&")#8+-$#1"(#+-#1"(#6/D'1/1#$",(91"41#G#(/#,+')#(")#
&+41$/'41")# 0-# %'('"-# 86F)'M-"# TQ40$"a/$16/# p# P'$&6I# demHV# "1# 0"# ("-$# "4B'$+44"%"41#
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D'+1'M-"I# '4&(-/41# (/# 1"4"-$#"4#4-1$'%"41)# T3'11'4>)#p#3'(("$I#deegVI# (/# &+%8C1'1'+4# '41$/@#"1#
'41"$)8C&','M-"# T=&6+"4"$I# degfn# 3'(("$# p# Z+-D"I# degeV# "1# (/# 8$C0/1'+4# T='6I# degoV:# A/#
)C("&1'+4#0")#6/D'1/1)#8"-1#C>/("%"41#$"8$C)"41"$#-4#&+%8$+%')#"41$"#(")#D")+'4)#0")#/0-(1")#
"1#&"-<#0"#("-$)#(/$B"):#A")#/))"%D(/>")#05+$>/4')%")#$"4&+41$C)#0/4)#(")#6/D'1/1)#0')8"$)C)#
"1# C86C%9$")# )+41# )+-B"41# &/$/&1C$')C)# 8/$# -4# 4+%D$"# C("BC# 05")89&")# /B"&# 0"# D+44")#
&/8/&'1C)#0"#0')8"$)'+4# ("-$#8"$%"11/41# (/#&+(+4')/1'+4#0"#4+-B"/-<#6/D'1/1)# TP"/B"$I#dehhn#
.6"))+4I#degqn#Y$/B')#p#ZF16/%I#deeeV:#A")# ")89&")# )8C&'/(')C")# ,+41#8/$1'"#>C4C$/("%"41#
0")# 8$"%'"$)# &+(+4')/1"-$)# 05-4"# 4+-B"(("# $"))+-$&"I# $"%8(/&C")# 8$+>$"))'B"%"41# 8/$# 0")#
")89&")# 8(-)# >C4C$/(')1")# Tb/4)L'I# degh/n#;"4"40"R#p#3-1'"$$"RI# deeeVI#%/')# &"# 45")1# 8/)#
1+-E+-$)#("#&/)I#&+%%"#8/$#"<"%8("#(+$)#0"#(/#)-&&"))'+4#0")#")89&")#0/4)#-4#&/0/B$":##
A")#8$"%'"$)#/$$'B/41)#+41#-4#/B/41/>"#8+-$#"<8(+'1"$#(/#4+-B"(("#$"))+-$&"#&+4)1'1-C"#
8/$#-4#"<&$C%"41#4+-B"(("%"41#8$+0-'1:#Z/4)#0")#"4B'$+44"%"41)#G# $"))+-$&")# ('%'1C")I#+4#
8"-1#)5/11"40$"#G#-4"#,+$1"#&+%8C1'1'+4#"1#-4"#8$C0/1'+4#C("BC"#/D+-1'))/41#G#0")#86C4+%94")#
05"<&(-)'+4#"1#0"#(/#)+$1"#G#-4"#,/'D("#0'B"$)'1C#TO/((#p#A""I#ordrV:#Y+-1",+')I#0")#$"))+-$&")#
0')1$'D-C")#/-#6/)/$0#"1#0"#%/4'9$"#C8/$)"#)+41#&+(+4')C")#8/$#0")#/))"%D(/>")#05")89&")#1$9)#
B/$'/D(")I# /-# >$C#05/$$'BC")# "4#8/$1'"# /(C/1+'$")# Tb/4)L'I# degh/n#3'(("$#p#Z+-D"I#deeHV:#24#
8(-)# 0")# &+%8+)C)# B+(/1'()# 0C>/>C)# 8/$# (5"<&$C%"41I# (/# &+(+4')/1'+4# ")1# 0C1"$%'4C"# 8/$# (")#
86C$+%+4")# C%')")#8/$# (")#+$>/4')%")#&+(+4')/1"-$)#"41$/l4/41# (5/>$C>/1'+4#+-#/-#&+41$/'$"#
(5"<&(-)'+4# 0")# '40'B'0-)# TN$/4&L"# p# Z"114"$I# orrmV:# A")# 8$+&"))-)# 05/>$C>/1'+4# 8"-B"41#
,/&'('1"$# (/# )1/D'('1C# "1# (/# &+"<')1"4&"# 0")# ")89&")I# 8/$1'&-('9$"%"41# (+$)M-"# (")# &+(+4')/1"-$)#
)+41# 0"# 8"1'1"# 1/'(("# "1# 4"# 8"-B"41# 8/)# G# "-<# )"-()# /&&/8/$"$# (5"4)"%D("# 0"# (/# $"))+-$&"#
TQ1L'4)+4# p# =6+$$+&L)I# degHn# b/4)L'# p# ./%D",+$1I# deedn# b"/$0# p# K"%"$I# deehn#
b'$)&6D"$>"$I#deegn#O++0&+&L#"1#/(:I#orron#b-11+4#p#3'(("$I#orrHn#b+$>/4#p#N-"41")I#orrmn#
O/((# p# A""I# ordrV:# A")# ",,"1)# 0"# &")# )'>4/-<# &6'%'M-")# )-$# (")# 8+8-(/1'+4)# 8"-B"41# 71$"#
&+41$/0'&1+'$")#n# '()#)+41#8+)'1',)# (+$)M-5'()#8"$%"11"41# (/#(+&/(')/1'+4#0"#(/# $"))+-$&"I# '()#)+41#
4C>/1',)#(+$)M-"#(/#&/8/&'1C#05/&&-"'(#%/<'%/("#")1#/11"'41"#"1#M-"#&"(/#$')M-"#05"41$/l4"$I#8/$#
"<"%8("I# -4# /&&$+'))"%"41# 0"# (/# %+$1/('1C# (/$B/'$"# TZ'&L"# p# =/D"(')I# deggV:# U4# ",,"1#
DC4C,'M-"#)-88(C%"41/'$"#('C#G# (5/>$C>/1'+4#")1# (/#0'%'4-1'+4#0-#$')M-"#0"#8/$/)'1')%"#0-"#G#
(5/->%"41/1'+4# 0"# (/# 0"4)'1C# (/$B/'$"# TK+6(,)# p# b+,,%"')1"$I# orrHV:# U4# /-1$"# '41C$71# 0")#
)'>4/-<# &6'%'M-")# /-# )"'4# 0"# (/# &+%%-4/-1C# &+8$+86'("# &+4&"$4"# (/# &/8/&'1C# 0"# &"$1/'4)#
/&/$'"4)#86+$C1'M-")#G#)C("&1'+44"$#("-$#6]1"#>$`&"#G#("-$)#&+%8+)C)#&-1'&-(/'$")# TS'+>$"1#"1#
/(:I# orrqDV:# A/# 0C1"$%'4/1'+4# ,'4"# 0")# &+%8+)C)# G# (5+$'>'4"# 0"# (5"4)"%D("# 0"# &")#
&+%8+$1"%"41)#$")1"#1$9)#0',,'&'("#G#/4/(F)"$:#Y+-1",+')I#0")#C1-0")#+41#8"$%')#0"#%+41$"$#M-"#
0"# 4+%D$"-<# '40'B'0-)# 05-4"# %7%"# ")89&"# 8+-B/'"41# )5/>$C>"$# 0/4)# &"$1/'4)# "<&$C%"41)#
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/(+$)#M-"#1$9)#8"-#+&&-8"41#(")#/-1$")#0C8]1)#Tb/4)L'#p#./%D",+$1I#deedn#O/((#p#A""I#ordrV:#
W(#")1#8+))'D("#M-"#&"$1/'4)#'4)"&1")#)+'"41#/11'$C)#8/$#0")#)'>4/-<#4+4@)8C&','M-")#C%')#8/$#0")#
'40'B'0-)#/D+40/41)#/>$C>C)#0/4)#-4#"<&$C%"41:#."(/#8"$%"11$/'1#/'4)'#/-<#")89&")#8(-)#$/$")#
05/->%"41"$# ("-$# &6/4&"# 0"# $"8$+0-&1'+4# Tb+(1"$I# degoV:# A5'%8+$1/4&"# 0")# 86C4+%94")#
05/>$C>/1'+4#)"%D("#C>/("%"41#B/$'"$#05-4"#")89&"#G#(5/-1$":#P(/4&L"46+$4#"1#/(:#TorrrV#+41#
%+41$C# M-5"41$"# B,906%/69D9! '0#),%)9)(9# TA'44/"-)V# "1# B#/'('! ,E4(/'#9! TA'44/"-)VI# 0"-<#
")89&")# 0"# 0'819$")# &+8$+86/>")I# B=! '0#),%)9)(9# C1/'1# $C>-('9$"%"41# $C8/$1'"# "41$"# (")#
"<&$C%"41)#&+41$/'$"%"41#G#B=!,E4(/'#9:#A"#0">$C#05/>$C>/1'+4#0C8"40#8$+D/D("%"41#05/-1$")#
,/&1"-$)# 1"()# M-"# (/# )1$/1C>'"# 0"# $"8$+0-&1'+4I# (/# 8$C0/1'+4# "1# (/# 0"4)'1C# 0")# +$>/4')%")#
8$C)"41)#/-#)"'4#0"#(56/D'1/1#Tb'$)&6D"$>"$I#deegn#;"4"40"R#p#3-1'"$$"RI#deeeV:#
#
*/$%'#(/#M-/41'1C#05+$>/4')%")#)5/>$C>"/41#)-$#(")#D+-)")#"1#'41"$/>'))/41#TN'>:#dVI#+4#
1$+-B"#%/E+$'1/'$"%"41#0")#'4)"&1")I#4+1/%%"41#0")#&+(C+819$")#"1#0")#0'819$"):#A/#0CE"&1'+4#
"4#"(("@%7%"#")1#-4#/D$'#"1#-4"#$"))+-$&"#1$+86'M-":#A")#/0-(1")#"1#(")#(/$B")#0")#&+(C+819$")#
&+8$+86/>")# T+-# D+-)'"$)V# )"# 4+-$$'))"41# 8$'4&'8/("%"41# 0"# (5"<&$C%"41:# 24# 2-$+8"#
+&&'0"41/("# '()# )+41# 8$'4&'8/("%"41# $">$+-8C)# "41$"# (")# ,/%'((")# 0")# =&/$/D/"'0/"# "1# 0")#
Q86+0''0/"I# 1/40')#M-"#(")#3"+1$-8'0/"#,+$%"41#-4"#8"1'1"#,/%'(("#-4#8"-#G#8/$1:#[-/41#/-<#
0'819$")I# (/# %/E+$'1C# 0")# ")89&")# )+41# &+8$+86/>")# /-# )1/0"# (/$B/'$"I# D'"4# M-"# &"$1/'4")#
8-'))"41#C>/("%"41#71$"#8$C0/1$'&"):#Z"#4+%D$"-)")#")89&")#0"#0'819$")#&6/4>"41#0"#)1$/1C>'"#
0-$/41# ("-$#0CB"(+88"%"41# (/$B/'$"I#"4#C1/41#)/8$+86/>")#8"40/41# ("-$)#8$"%'"$)#)1/0")#8-')#
8$C0/1$'&")# /-# &+-$)# 0-# 0"$4'"$# )1/0"# Tb/%%"$I# deHon# b/4)L'I# deghDV:# A"-$)# (/$B")# C1/41#
&+8$+86/>")I# -4"# >$/40"# M-/41'1C# 0"# &+(C+819$")# "1# 0"# 0'819$")# -1'(')"41# (")# "<&$C%"41)#
&+%%"#)'1"#0"#8+41":#Z")#&+%8+$1"%"41)#0"#$"8$+0-&1'+4#1$9)#)8C&','M-")#8"-B"41#/(+$)#71$"#
+D)"$BC)# %/')# (/# 0-$C"# 0"# B'"# 0"# (/# 0CE"&1'+4# 4"# 8"$%"1# >C4C$/("%"41# M-5G# -4"# )"-("#
>C4C$/1'+4# 0"# )"# 0CB"(+88"$:# 24# 8/$1'&-('"$I# (")# D+-)'"$)# $C/(')"41# 1+-1# ("-$# &F&("# 0"#
0CB"(+88"%"41# 0/4)# (5"<&$C%"41# +-# 0/4)# ("# )+(# )+-)@E/&"41:# A5"<8(+'1/1'+4# 0"# 1"()# %'&$+@
6/D'1/1)# )"# ,/'1# )-$# (/# D/)"# 05-4"# )-&&"))'+4# 05")89&")# &+(+4')/1$'&")# G# 0',,C$"41")# C&6"((")#
1"%8+$"((")# TE+-$4C"# "1# )/')+4)V:# A")# ")89&")# +41# 0")# $F16%")# 05/&1'B'1C# 0',,C$"41)# T0'-$4"I#
4+&1-$4"cV# "1# 0")# 86C4+(+>'")# 0')1'4&1"):# *"40/41# ("-$# 8C$'+0"# 05/&1'B'1CI# &")# '4)"&1")#
8"-B"41# (+&/(')"$# (")# "<&$C%"41)# "4# B+(# >$`&"# G# ("-$)# $C&"81"-$)# /41"44/'$")# 8-')# )"# 8+)"$#
0'$"&1"%"41#)-$#(/#$"))+-$&"#+-#G#-4"#0')1/4&"#)-,,')/%%"41#8$+&6"#8+-$#1"$%'4"$#("-$#&+-$)"#
"4# %/$&6/41:# A")# 0CE"&1'+4)# 45/11'$"41# 8/)# M-"# 0")# ")89&")# &+8$+86/>")# %/')# C>/("%"41#
05/-1$")# '4)"&1")# &+8$+86'(")# T8$'4&'8/("%"41# 0")# 6F%C4+819$")# %/')# /-))'# 05/-1$")#
&+(C+819$")V# /88/$1"4/41# G# 0")# 4'B"/-<# 1$+86'M-")# )+-B"41# 8(-)# C("BC):# A/# 8(-8/$1# 0")#
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6F%C4+819$")#/))+&'C)#/-<#"<&$C%"41)# )+41#0")#8/$/)'1+s0")#05'4)"&1")# )"#0CB"(+88/41#0/4)#
(")# D+-)")# T8/$/)'1')%"# 0")# (/$B")# "1# 0")# 8-8")V# TN'>># "1# /(:I# degfV:#U4"# >$/40"# 8/$1'"# 0")#
)1/86F('4)# $"4&+41$C)# 0/4)# (")# D+-)")# )+41# 8$C0/1"-$)# G# (5C1/1# /0-(1"# "1# (/$B/'$"# n# &"$1/'4")#
")89&")#T^<F1"('0/"V#)+41#8/$/)'1")#+-#8$C0/1$'&")#0")#(/$B")#0"#%+-&6"):#Z5/-1$")#8$C0/1"-$)#
)+41#C>/("%"41#8$C)"41)#0/4)#(")#D+-)")I#"4#8/$1'&-('"$#0")#b')1"$'0/"#"1#0")#bF0$+86'('0/":##
A")#0CE"&1'+4)#456/D$'1"41#8/)#-4"#E-<1/8+)'1'+4#05+$>/4')%")#)/4)#'41"$/&1'+4)#(")#-4)#
/B"&#(")#/-1$"):#."$1/'4)#)+41#8$C0/1"-$)#Tt/('"(/I#deqen#;/&M-""4#p#P"'$4"I#dehm/n#N/F#p#
Z+-D"I# degfn# K+16# "1# /(:I# degfV# "1# (/# &+%8C1'1'+4# E+-"# -4# $]("# '%8+$1/41# 0/4)# &"# )F)19%"#
TA">4"$#p#3$/41I#dehgn#YF40/("@P')&+"#"1#/(:I#degdn#K+16#"1#/(:I#degfn#='>-$E+4)0+11'$I#degHn#
K'0)0'((?=%'16# "1# /(:I# degqn#b'$)&6D"$>"$#p#Z">$+I# deeqn#b'$)&6D"$>"$I# deeeVI# M-5"(("# )+'1#
'41$/)8C&','M-"#TQ%/4+I#degfV#+-#'41"$)8C&','M-"#TN/F#p#Z+-D"I#degfV:#A")#%+-&6")#"1# (")#
D+-)'"$)#"4#8/$1'&-('"$#)+41#"4#&+%8C1'1'+4#8+-$#(/#%7%"#$"))+-$&"#1$+86'M-"#TK'0)0'((?=%'16#
"1# /(:I# degqn# YF40/("@P')&+"# p#t+>1I# deedV:# =%'16# "1#;/116'"))"4# TdegHV# +41# %+41$C# M-"#
(5"<&(-)'+4#05-4"#)"-("#")89&"#0"#D+-)'"$#TF406%/69D&'!8#)%G#Tb/$:V#+-#F4(0('!9-#G('#T?(->VV#
"41$/l4/'1#-4"#/->%"41/1'+4#0-#4+%D$"#05C%"$>"4&")#0"#%+-&6")#0/4)# (")#D+-)"):#Z5/8$9)#
*/(")1$'4'# "1# /(:# TdeegVI# (/# &+%8C1'1'+4# '41"$)8C&','M-"# 4"# &+4)1'1-"$/'1# 1+-1",+')# 8/)# -4"#
&+41$/'41"# %/E"-$"# 8+-$# (5+$>/4')/1'+4# 0"# (/# &+%%-4/-1C# 05'4)"&1"):# Z5/-1$")# '41"$/&1'+4)#
('"41#(")#'4)"&1")#&+8$+86'(")#8-')M-"#&"$1/'4")#")89&")#DC4C,'&'"41#0"#(/#8$C)"4&"#0")#/-1$"):#
A")#D+-)'"$)#&$"-)"41#0")#1-44"()#M-'#/88+$1"41#(5+<F>94"#4C&"))/'$"#G#05/-1$")#%"%D$")#0"#(/#
&+%%-4/-1C:# ."$1/'4")# %+-&6")# -1'(')"41# &")# 1-44"()# 8+-$# 8C4C1$"$# 8$+,+40C%"41# 0/4)#
(5"<&$C%"41# "1# F# 0C8+)"$# ("-$)#u-,)# "1# 1/40')# M-"# 0")# 8$C0/1"-$)# &+%%"# (")# )1/86F('4)# (")#
-1'(')"41#8+-$#$"&6"$&6"$#("-$)#8$+'")#Tt/('"(/I#dehHV:##
Q-@0"(G#0")#8$C,C$"4&")# 1$+86'M-")I# (/#)1$-&1-$"#0"#(56/D'1/1#T%'('"-#+-B"$1#B)#,"$%CV#
",,"&1-"# -4# ,'(1$"# M-'# &+41$]("# (5/D+40/4&"# $"(/1'B"# 0")# ")89&")# TA-%/$"1I# degfV:# Z5/-1$")#
,/&1"-$)# &+%%"# (")# &+40'1'+4)# &('%/1'M-")# &+40'1'+44"41# C>/("%"41# (/# 0'B"$)'1C# 0")#
&+%%-4/-1C):# =+-)# &('%/1)# 1"%8C$C)# +-# 0/4)# (")# 8(/'4")# ,$+'0")# "1# 6-%'0")I# (")# (+%D$'&)#
-1'(')"41# (/$>"%"41# (")# "<&$C%"41)# 1/40')# M-5"4# /(1'1-0"# "1# 0/4)# (")# R+4")# 8(-)# )9&6")# (")#
D+-)'"$)# )+41# 8$C8+40C$/41)# TS'&6+()# "1# /(:I# orrgV:#Q# (5C&6"(("# 0"# (5"<&$C%"41I# ("# 0">$C# 0"#
&+(+4')/1'+4# 8/$# (")# ")89&")# B/$'"# 1$9)# (/$>"%"41# "1# 8"-1# 71$"# '%8-1C# G# 0")# 0',,C$"4&")#
C0/86'M-")# T8$+,+40"-$# "1# 6-%'0'1C# 0-# )+(V# +-# %'&$+@&('%/1'M-")# T1"%8C$/1-$"I# 6-%'0'1C#
$"(/1'B"I# (-%'4+)'1CcV:# .")# %'&$+@&+40'1'+4)I# D'"4# M-"# 0',,'&'(")# G# 8"$&"B+'$I# )"%D("41#
0C1"$%'4"$# (5+$0$"# 05/88/$'1'+4# 0")# 1/<+4)# T;"4"40"R#p#3-1'"$$"RI# deeeV:# A")# /$$'BC")# )"#
,+41# 8/$# ")&+-/0")# )-&&"))'B")# /8$9)# ("# 0C8]1# 0"# (5"<&$C%"41I# /B"&# -4"# /$$'BC"# $/8'0"# 0")#
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coprophages (Desière, 1974):# A")# 8$C0/1"-$)# "1# (")# 8/$/)'1+s0")# 45/$$'B"41# 6/D'1-"(("%"41#
M-5-4#8"-#8(-)#1/$0:# 
 
 
 
Figure 1"!#$%&'(!%)*+,)-)$!.&%!)/0&1'20)3/%!&/01&!,&%!+1)/2)+'(4!513(+&%!.6(/&!23**(/'(0é 
23+13+7),&!8.6'+19%!:34',,!&0!',;<!=>>?@; 
 
1.1.3 Une communauté de bousiers bien structurée 
A")# /))"%D(/>")# 0"# D+-)'"$)# &+4)1'1-"41# -4# D+4# %+09("# 05'40'B'0-)# 0',,C$"41)#
exploitant la même ressource discrète et éphémère. Ce modèle permet également de se poser 
(/# M-")1'+4# 0"# (/# &+"<')1"4&"# 05")89&")# &+4&-$$"41")# 0+41# (5/&1'+4# &+%%-4"# &+40-'1# G# -4#
service écosystémique efficace (Hanski & Cambefort, 1991). La comparaison du mode 
05"<8(+'1/1'+4# 0"# (/# D+-)"# 0"# B/&6"# 8/$# $/88+$1# /-<# &$+11'4)# 0"# D$"D')# %"1# "4# (-%'9$"# (")#
0',,C$"41")#)1$/1C>'")#%')")#"4#u-B$"#8/$#(")#D+-)'"$)I#avec des préférences trophiques parfois 
marquées (Lumaret & Iborra, 1996; Dormont et al., 2007). En Europe, les bousiers se 
répartissent en trois guildes principales selon leurs stratégies de reproduction : les fouisseurs 
(ou paracoprides), les résidents (ou endocoprides) et les rouleurs (ou télécoprides). Ces 
)1$/1C>'")#)5'4)&$'B"41#)-$#("#&+41'4--%#$#- K des stratégies démographiques. Les résidents se 
situent plus du côté r, les rouleurs du côté K et les fouisseurs entre les deux. Ces stratégies 
sont liées à la résilience des espèces face aux perturbations, les espèces opportunistes 
(stratèges r) étant les plus résilientes puisque capables de se développer dans des milieux 
perturbés (Nitschke & Innes, 2006).  
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Q# &")# >-'(0")# &+$$")8+40# -4"# 0'B"$)'1C# 0"# &+%8+$1"%"41)# 0"# 4'0','&/1'+4# "1# 0"#
)1$/1C>'")# 05-1'(')/1'+4# 0"# (/# $"))+-$&"# 1$+86'M-":# A")# "40+&+8$'0")# )5/&&+-8("41# "1# 8+40"41#
0/4)# (/#%/1'9$"# )1"$&+$/("# n# (")#8/$/&+8$'0")#"4,+-'))"41#0/4)# ("-$)#4'0)#8C0+1$+86'M-")#0")#
$C)"$B")#0"#%/1'9$"#,C&/("#+v#)+41#0C8+)C)#(")#u-,)#n#(")#1C(C&+8$'0")#0C8(/&"41#0")#,$/>%"41)#
05"<&$C%"41#"4#(")#,/_+44/41#"4#-4"#D+-("#M-'#")1#"4)-'1"#$+-(C"#"1#"4,+-'"#G#0')1/4&"#/B/41#
05F# 0C8+)"$# -4# u-,:# U4"# 0"$4'9$"# >-'(0"I# 8(-)# %/$>'4/("I# ")1# &"(("# 0")# &("81+&+8$'0")# M-'#
-1'(')"41#(")#8"(+1")#0CEG#&+4)1'1-C")#8/$#(")#/-1$")#")89&")#8+-$#F#)-D)1'1-"$#("-$#8$+8$"#8+41"#
Tb/(,,1"$#p#;/116"a)I#deqqn#Z+-D"I#degqn#Z+-D"#"1#/(:I#deggn#3'(("$#p#Z+-D"I#degeV:#A/#1$9)#
>$/40"#%/E+$'1C#0")#")89&")#05Q86+0''0/"#&+8$+86/>")#)+41#0")#$C)'0"41)#M-'#4"#0C(+&/(')"41#
8/)# (/#%/1'9$"# ,C&/("# Tb/4)L'#p#./%D",+$1I# deedV:#24# N$/4&"I# (")# $+-("-$)I# )+41# $">$+-8C)#
0/4)# (/# )+-)@,/%'(("# 0")# =&/$/D/"'4/"#n# '()# )+41# $"8$C)"41C)# 8/$# (")# >"4$")# B,9)9$9#&'# A:I#
HE:4%/-#&)&'# W(('>"$# "1#B('E/6&'#A/1$"'((":#A")# ,+-'))"-$)# )+41#8(-)#6C1C$+>94")# )-$# ("#8(/4#
1/<+4+%'M-"# 8-')M-5'()# $/))"%D("41# /-))'# D'"4# (")# 3"+1$-8'0/"# M-"# (")# .+8$'4/"#
T=&/$/D/"'0/"V:# A/# %+$86+(+>'"# 0")# ")89&")# &+$$")8+40# >$+))'9$"%"41# G# ("-$# %+0"#
05"<8(+'1/1'+4#0"#(/#$"))+-$&"#1$+86'M-"#"1#0+4&#G#("-$#>-'(0"#\#&+$8)#/((+4>C#0")#/86+0'"4)#n#
(+4>-")#8/11")#8+)1C$'"-$")#0")#$+-("-$)#M-'#("-$#8"$%"11"41#0"#$+-("$#0")#D+-(")#05"<&$C%"41I#
"1# 0")# 8/11")# /41C$'"-$")# 1$/8-")# /B"&# 0")# 0"41)# ,+$%/41# -4# 8"'>4"# M-'# ,/&'('1"# G# (/# ,+')# ("#
,/_+44/>"#0"#(/#D+-("#"1#("#&$"-)"%"41#0-#1"$$'"$:#."#8/$1/>"#"4#>-'(0")#8"$%"1#G#(/#,+')#-4"#
"<8(+'1/1'+4#+81'%/("#0"# (/# $"))+-$&"# 1$+86'M-"# T0CB"(+88"%"41#0")# (/$B")#0/4)# (5"<&$C%"41#
+-#0/4)#0")#4'0)#8C0+1$+86'M-")V# "1# 0"# (5")8/&"# T4'0)# &$"-)C)# G#0')1/4&"#8+-$# (")# $+-("-$)#n#
4'0)#)+-)#(/#0CE"&1'+4#8+-$#(")#,+-'))"-$)I#/B"&#-4"#%'&$+@0')1$'D-1'+4#B"$1'&/("#)"(+4#(/#1/'(("#
0")#")89&")V#T20a/$0)#p#Q)&6"4D+$4I#deghV:###
A/# &+(+4')/1'+4# 0")# "<&$C%"41)# 8/$# (")# D+-)'"$)# /88/$/'1# G# 8$"%'9$"# B-"# 8"-#
0')&$'%'4C"# "1# )+-B"41# '()# +41# C1C# &+4)'0C$C)# &+%%"# 8+(F86/>"):# Y+-1",+')I# 0")# C1-0")#
$C&"41")#+41#%+41$C#0"#B$/'")#8$C,C$"4&")#/('%"41/'$")#&6"R#&"$1/'4")#")89&")I#0C8"40/41#0"#
("-$#&/8/&'1C#G#0')&$'%'4"$#"1# "<8(+'1"$# T8'9&")#D-&&/(")V# (")#"<&$C%"41)# TA-%/$"1#p# WD+$$/I#
deeqn#t"$0w#p#3/(/41"I#orrHn#Z+$%+41#"1#/(:I#orrhV:#A5/4/(F)"#0"#(5'4,(-"4&"#0")#&+%8+)C)#
B+(/1'()# C%')# 8/$# -4# "<&$C%"41# ")1# "))"41'"(("# 8+-$# &+%8$"40$"# (/# )1$-&1-$/1'+4# 0")#
/))"%D(/>")#Tb/4)L'#p#./%D",+$1I#deedV:#Q-#(/D+$/1+'$"#0/4)#0")#1")1)#0"#&6+'<I#&")#'4)"&1")#
)5+$'"41"41# 8$C,C$"41'"(("%"41# B"$)# (")# "<&$C%"41)# M-'# +41# ("-$# 8$C,C$"4&"# 0/4)# (/# 4/1-$"#
TZ+$%+41# "1# /(:I# orrhV:# ."8"40/41# (/# &+44/'))/4&"# 0")# )'>4/-<# &6'%'M-")# C%/4/41# 0")#
"<&$C%"41)#"1#0")#+$>/4')%")#$")1"#1$9)#8/$1'"(("#"1#05/-1$")#C1-0")#)"$/'"41#4C&"))/'$")#8+-$#
&+%8$"40$"#(")#%C&/4')%")#)1$-&1-$/41#(")#&+%%-4/-1C)#0"#D+-)'"$):#
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Z"# 4+%D$"-)")# M-")1'+4)# $")1"41# C>/("%"41# "4# )-)8"4)# M-/41# G# (5'%8+$1/4&"# 0"# (/#
&6$+4+(+>'"#0"#&+(+4')/1'+4#0")#0',,C$"41")#")89&"):#."(/#8"$%"11$/'1#"4#8/$1'&-('"$#0"#%'"-<#
&+%8$"40$"#("#$]("#0"#&6/&-4"#0/4)#(")#%C&/4')%")#'41"$/&1'+44"()I#1"()#M-"#(/#,/&'('1/1'+4I#(/#
&+%8(C%"41/$'1CI# (/# &+%8C1'1'+4# +-# (/# 8$C0/1'+4:# A5'41C>$/1'+4# 0"# &")# %C&/4')%")# ")1#
8$'%+$0'/("#8+-$#"4#&+%8$"40$"#(")#&+4)CM-"4&")#"4#1"$%")#0"#,+4&1'+44"%"41I#4+1/%%"41#
"4# &/)# 0"# 8"$1-$D/1'+4):# A5'%8/&1# 0'$"&1# 05-4"# 8"$1-$D/1'+4# )-$# -4"# ")89&"# 8+-$$/'1# /(+$)#
"41$/l4"$#-4"#&/)&/0"#05",,"1)#'40'$"&1)#)-$#05/-1$")#")89&"):
1.1.4!Une contribution inégale des espèces au sein de la communauté 
Z/4)# (")# /))"%D(/>")# 05")89&")# &+8$+86/>")I# M-"(M-")@-4")# )"-("%"41# )+41#
0+%'4/41")#"1#&+4)1'1-"41#("#4+F/-#,+4&1'+44"(:#A-%/$"1# TdegfV#/#8$+8+)C#0"#,'<"$#G#drx#("#
)"-'(# 05/D+40/4&"# $"(/1'B"# T"4# 4+%D$"# 05'40'B'0-)V# 0")# ")89&")# 8$')")# "4# &+%81"# 8+-$#
&+4)1'1-"$# ("# 4+F/-# ,+4&1'+44"(I# &"((")# 0C8/))/41# &"# )"-'(# C1/41# '0"41','C")# &+%%"# (")#
8$'4&'8/(")# ")89&")# $")8+4)/D(")# 0-# ,+4&1'+44"%"41:# .")# M-"(M-")# ")89&")# Tf# G# H#
)'%-(1/4C%"41I# $"8$C)"41/41# "4)"%D("# )+-B"41# 0"# hm# G# grx# 0")# ",,"&1',)V# ",,"&1-"41# G# -4#
%+%"41# 0+44C# (5"))"41'"(# 0")# 8$+&"))-)# &+40-')/41# G# (/# 0C>$/0/1'+4# 0")# "<&$C%"41):# *+-$#
&+"<')1"$I# (")# 0',,C$"41")# ")89&")# M-'# &+4)1'1-"41# ("# %7%"# 4+F/-# ,+4&1'+44"(# 0+'B"41# )+'1#
/88/$1"4'$# G# 0")# >-'(0")# 0')1'4&1")I# )+'1# 71$"# 0"# 1/'((")# )-,,')/%%"41# 0',,C$"41")# )'# "((")#
/88/$1'"44"41# G# (/#%7%"#>-'(0":#."11"# 8/$1'1'+4# 0"# 4'&6")# 8"$%"1# 0"# $C0-'$"# (/# &+%8C1'1'+4#
'41"$)8C&','M-"# "1# 05-1'(')"$# 0"# %/4'9$"# +81'%/("# (/# $"))+-$&"# 1$+86'M-":# ^4# $"1$+-B"# &")#
%7%")#%+0/('1C)#05+$>/4')/1'+4#"4#4+F/-<#,+4&1'+44"()#/-))'#D'"4#"4#%+41/>4"#M-5"4#8(/'4"I#
)+-)# &('%/1# %C0'1"$$/4C"4# +-# &+41'4"41/(I# "4# N$/4&"# +-# /-# ./4/0/# TA-%/$"1# "1# /(:I# deeon#
=1'"$4"1#p#A-%/$"1I#deefn#?/0'$'# "1# /(:I#ordHV:#A/#0'B"$)'1C#0")# 1$/'1)# ,+4&1'+44"()#"41$"# (")#
")89&")#0-#4+F/-#0"#(/#&+%%-4/-1C#/))-$"#/'4)'#("#D+4#,+4&1'+44"%"41#0-#)F)19%"#T.6/8'4#
"1# /(:I# deehV:# U4# )F)19%"# 0'B"$)','C# /B"&# -4"# ,+$1"# &+%8(C%"41/$'1C# >/>4"# "4# ",,"1# "4#
$C)'('"4&":# Y+-1",+')# (/# $"0+40/4&"# ,+4&1'+44"(("# E+-"# C>/("%"41# -4# $]("# "4# /->%"41/41# (/#
$C)')1/4&"#0-#)F)19%"I#"4#8/$1'&-('"$#,/&"#/-<#8"$1-$D/1'+4)#TZ+a4'4>#"1#/(:I#ordoV:#W(#&+4B'"41#
0+4&# 0"# 4"# 8/)# )5'41C$"))"$# -4'M-"%"41# /-<# ")89&")# /D+40/41")# 0/4)# -4# /))"%D(/>"I#%/')#
C>/("%"41#0"#8$"40$"# "4# &+%81"# ("# $]("# E+-C#0/4)# ("# )F)19%"#8/$# (")# ")89&")#8(-)# $/$")#+-#
%/$>'4/("):#."((")@&'#8+-$$/'"41# 16C+$'M-"%"41#&+4)1'1-"$#-4"#$C)"$B"#0"#,+4&1'+44"%"41I#"4#
/))-$/41# 0")# ,+4&1'+4)# C&+(+>'M-")# CM-'B/("41")# G# &"((")# 0")# ")89&")# %/E"-$")# 0+41# (")#
",,"&1',)# 8+-$$/'"41# 71$"# /%"4C)# G# 0'%'4-"$# 0$/)1'M-"%"41# G# (/# )-'1"# 05-4# &6/4>"%"41#
"4B'$+44"%"41/(#+-#05-4"#8"$1-$D/1'+4:#.5")1#&"#M-'#/#0CEG#C1C#%+41$C#0/4)#(")#&+%%-4/-1C)#
0"#&+8$+86/>")#"4#$C>'+4#%C0'1"$$/4C"44"#TA-%/$"1#"1#/(:I#deeoV:#
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1.2!Fonctionnement de l’écosystème 
1.2.1!Un processus écologique 
A/#0C>$/0/1'+4#0")#0CE"&1'+4)#")1#0-"#G#("-$#,$/>%"41/1'+4#%C&/4'M-"#/))+&'C"#G#("-$#
&+4)+%%/1'+4#"1# ("-$#"4)"%"4&"%"41#8/$#0")#%'&$+@+$>/4')%")#0-#)+(:#A")#D+-)'"$)#)+41#G#
(5+$'>'4"# 0-# 8$+&"))-)I# "4# 0'(/&C$/41# "1# "4# 0')8"$)/41# (")# "<&$C%"41):# A")# ,+-'))"-$)# "1# (")#
$+-("-$)#"4#8/$1'&-('"$#)+41#0")#/&1"-$)#%/E"-$)I#"4#0C(+&/(')"41#0")#M-/41'1C)#8(-)#+-#%+'4)#
'%8+$1/41")#"1#"4# (")#"4,+-'))/41#0/4)# ("#)+(I#&"#M-'#/))-$"# ("# 1$/4),"$1#B"$1'&/(#"1#6+$'R+41/(#
05-4"# %/1'9$"# +$>/4'M-"# $'&6"# "4# 4-1$'%"41)# 1+-1# "4# 8$+B+M-/41# 0")# &6/4>"%"41)#
D'+&6'%'M-")#"1#)/#&+41/%'4/1'+4#8/$#0")##%'&$+@+$>/4')%")#0-#)+(I#8$'4&'8/-<#$")8+4)/D(")#
0"#(/#%'4C$/(')/1'+4#0")#0CE"&1'+4):#A")#$C)'0"41)#&+41$'D-"41#C>/("%"41#G#(/#0C>$/0/1'+4I#"4#
&$C/41#0")#+-B"$1-$")# G# (/# )-$,/&"#0"# (5"<&$C%"41# 1+-1#"4#&$"-)/41#0")#>/("$'")#G# (5'41C$'"-$:#
."11"#/C$/1'+4#,/&'('1"#(5+<F>C4/1'+4#0"#(/#%/))"#'4'1'/("#M-'#C1/'1#/4/C$+D'"#1+-1#"4#/))-$/41#)/#
8+$+)'1C#"4#8"$%"11/41#G# (5"/-#0"#)5'4,'(1$"$:#24#&+4)+%%/41#-4"#8/$1'"#0"#(/#%/1'9$"#,C&/("I#
(")# &+8$+86/>")# &+41$'D-"41# /-))'# G# )/# 0C>$/0/1'+4:# 24,'4# ("-$# &'$&-(/1'+4# /-# &u-$# 0"#
(5"<&$C%"41# 8"$%"1# )+4# "4)"%"4&"%"41# 8/$# (")# %'&$+@+$>/4')%")# M-'# 8/$1'&'8"41# G# (/#
%'4C$/(')/1'+4:# Y+-1")# &")# /&1'+4)# &+4E->-C")# +41# 8+-$# &+4)CM-"4&"# (/# 0C>$/0/1'+4# 0")#
"<&$C%"41)# "1# /'4)'# (/# $C/(')/1'+4# 0"# ,+4&1'+4)# C&+(+>'M-")# 8$'%+$0'/(")# 0/4)# ("# &/)# 05-4#
)F)19%"#8`1-$C:##
1.2.2!Les fonctions écologiques 
A"# DC1/'(# 8$+0-'1# -4"# >$/40"# M-/41'1C# 0"# 0CE"&1'+4)# M-'# 0+'B"41# 71$"# $/8'0"%"41#
0C>$/0C")#"1#'4&+$8+$C")#/-#)+(#8+-$#CB'1"$#0")#8"$1")#%/))'B")#05/R+1"#8/$#B+(/1'(')/1'+4:#."1#
C(C%"41#")1#)+-B"41#('%'1/41#"1#&+40'1'+44"#("#4'B"/-#0"#(/#8$+0-&1'B'1C#8$'%/'$"#Tt'1+-)"L#"1#
/(:I# deehV:# grx# 0"# (5/R+1"# 05-4# "<&$C%"41# 8"-B"41# $"1+-$4"$# 0/4)# (5/1%+)869$"# )'# &"(-'@&'#
45")1#8/)# '4&+$8+$C#$/8'0"%"41#/8$9)#)+4#C%'))'+4:#*/$# ("-$#/&1'B'1C# ,+-'))"-)"I# (")#D+-)'"$)#
8$CB'"44"41# -4"# 8/$1'"# 0"# &"11"# 8"$1"# 0-"# G# (/# B+(/1'(')/1'+4# )+-)# ,+$%"# 05/%%+4'/&# TSbfV#
T3'((/$0I# deqhV# "1# '()# /%C('+$"41# (/# ,"$1'('1C# 0")# )+()# "4# /->%"41/41# (/# M-/41'1C# 05/R+1"#
0')8+4'D("#8+-$#(")#8(/41")#Ty+L+F/%/#"1#/(:I#deed/V:#A/#B+(/1'(')/1'+4#"1#(/#%'4C$/(')/1'+4#0"#
(5/R+1"#)+41#0")#8$+&"))-)#$C/(')C)#8/$#0")#D/&1C$'"):#A")#&+40'1'+4)#/C$+D'")#+D1"4-")#8/$#(/#
$C/(')/1'+4#05-4#0"4)"#$C)"/-#0"#>/("$'")#0/4)#(")#0CE"&1'+4)I#/'4)'#M-"#(")#1"4"-$)#C("BC")#"4#
&/$D+4"# "1# /R+1"# 0/4)# (56+$'R+4# )-8C$'"-$# 0-# )+(# T0-")# (G# /-))'# G# (5/&1'B'1C# ,+-'))"-)"# 0")#
D+-)'"$)VI#)1'%-("41#(/#&$+'))/4&"#D/&1C$'"44"I#"4#8/$1'&-('"$#&"(("#0")#D/&1C$'")#/%%+4','/41")#
$")8+4)/D(")# 0"# (/# %'4C$/(')/1'+4# Ty+L+F/%/# "1# /(:I# deed/n# y+L+F/%/# p# ?/'I# deefV:# A"#
1$/B/'(#0"#1$'1-$/1'+4#0"#(/#%/1'9$"#,C&/("#8/$#(")#'4)"&1")#/,,"&1"#/-))'#(")#1/-<#0"#B+(/1'(')/1'+4#
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0"# (5/R+1"#"4#0'(-/41# (5/R+1"# '4+$>/4'M-"#0')8+4'D("#8/$# )+4# '4&+$8+$/1'+4#0/4)# ("# )+(:#."11"#
/&1'+4#/%C('+$"#(/#,'</1'+4#0"#(5/R+1"#D'"4#M-"#(")#DC4C,'&")#4"1)#$")1"41#'4&+44-)#Ty+L+F/%/#
"1#/(:I#deed/V:#^4#4+1"#/-))'#(5/->%"41/1'+4#0"#(/#&+4&"41$/1'+4#"4#4-1$'%"41)#TSI#*I#?I#./#"1#
;>V# 0/4)# (")# )+()# 0-# ,/'1# 0"# (5/&1'B'1C# 0")# D+-)'"$)# T3/(D'/1'# "1# /(:I# deemn# P"$1+4"I# orrHn#
A/)1$+I#orrqn#y/%/0/#"1#/(:I#orrhV:#A"-$#/&1'B'1C#8"-1#"41$/'4"$#-4"#/->%"41/1'+4#0-#8b#0-#
)+(# "1# 0"# )/# &/8/&'1C#05C&6/4>"I# )/4)#%+0','&/1'+4#4+1/D("#0"# (/# 1"4"-$# "4#6-%-)# TP"$1+4"I#
orrHn# 3$+,,%/4# "1# /(:I# orrHV:# ."# $"&F&(/>"# /&&C(C$C# 0")# 4-1$'%"41)# 8$C)"41)# 0/4)# (")#
0CE"&1'+4)#/->%"41"#0"#(/#)+$1"#("#$"40"%"41#0")#8`1-$/>")#TP+$4"%'))R/#p#O'(('/%)I#dehrn#
P/4>#"1#/(:I#orrmV:#
#
A/# 8$+0-&1'B'1C# 8$'%/'$"# ")1# ,/&'('1C"# 8/$# -4"# D+44"# D'+1-$D/1'+4# M-'# "41$/l4"# -4"#
/->%"41/1'+4#0"# (/# ,$'/D'('1CI#0"# (5/C$/1'+4#"1#0"#&/8/&'1C#0"# $C1"41'+4#05"/-#0-#)+(# T3'((/$0I#
deqhn#P+$4"%'))R/#p#O'(('/%)I#dehrn#;/&M-""4#p#P"'$4"I#dehmDV:#A")#,+-'))"-$)#E+-"41#-4#
'%8+$1/41#$]("#0"#D'+1-$D/1'+4#"4#0C8(/_/41#0"#>$/40")#M-/41'1C)#0"#1"$$"#/-#%+%"41#0"#("-$#
4'0','&/1'+4# T;'11/(I# deefV:# ;/(>$C# -4"# /$&6'1"&1-$"# B/$'/D("# 0")# 4'0)# 8C0+1$+86'M-")I# (/#
8(-8/$1# 0")# ")89&")# &+4)1$-')"41# 0")# 1-44"()# /B"&# 8(-)'"-$)# &6/%D$"):# .")# 1-44"()# 8"-B"41#
/11"'40$"# 8(-)'"-$)# 0'R/'4")# 0"# &"41'%91$")# 0"# 8$+,+40"-$# "1# '()# )+41# 8/$,+')# (C>9$"%"41#
&+%D(C)# /B"&# 0"# (/# 1"$$"# 8+-$# 8$+1C>"$# (")# (/$B")# M-'# )"# 0CB"(+88"41# 0/4)# (")# $C)"$B")#
1$+86'M-")#"4,+-'")#8/$#(")#'4)"&1"):#A/#8$+,+40"-$#0")#1-44"()#/'4)'#M-"#(/#M-/41'1C#0"#1"$$"#
0C8(/&C"#)+41#>C4C$/("%"41#8+)'1'B"%"41#&+$$C(C")#/B"&#(/#1/'(("#0-#D+-)'"$#TA'40M-')1I#deffn#
b/(,,1"$#p#20%+40)I#degon#20a/$0)#p#Q)&6"4D+$4I#deghV:#Z/4)#05/-1$")#&'$&+4)1/4&")I#0")#
+$>/4')%")# 1"()# M-"# (")# ,+-$%')I# (")# 1"$%'1")# +-# (")# B"$)# 0"# 1"$$"# &$"-)"41# C>/("%"41# 0")#
1-44"()#8/$1'&'8/41#G# (/#D'+1-$D/1'+4:#*(-)'"-$)#C1-0")#+41#%+41$C#"4#8/$1'&-('"$# (5'%8+$1/4&"#
0")# B"$)# 0"# 1"$$"# 0/4)# (/# 0C>$/0/1'+4# 0")# "<&$C%"41)# 0/4)# &"$1/'4")# 8/$1'")# 1"%8C$C")# 0"#
(52-$+8"# Tb+(1"$I# dehhn# b+(1"$I# deheVI# 0"# (5Q-)1$/('"# "1# 0"# (/# S+-B"(("@zC(/40"# T20a/$0)I#
orrHV:#
A")# D+-)'"$)# '41"$/>'))"41# /B"&# (")# %+-&6")# &+8$+86/>")# "1# 8/$# &+%8C1'1'+4#
&+41$'D-"41# G# (/# $C>-(/1'+4# 0"# ("-$)# ",,"&1',):# ."$1/'4")# ")89&")# 0"# &")# %+-&6")# )+41#
&+4)'0C$C")# &+%%"# 0")# 4-')/4&")# 8+-$# ("# DC1/'(# T8$'4&'8/("%"41# I&',9! 9&0&:49-('2! I=!
?#0&'0(''(:92! J9#:90%$(9! 06()%&G(! /%094'2! J=! ())(094'! #G(D&9! "1! J=! ())(094'! ())(094'V:# A")#
,"%"((")#)+41#6C%/1+86/>")#"1#("-$)#4+%D$"-)")#8'M-$")#&+40-')"41#G#-4#)1$"))#8"$%/4"41#0-#
DC1/'(#"1#0+4&#G#-4"#$C0-&1'+4#0")#8"$,+$%/4&")#R++1"&64'M-")#Tb/-,"I#deghV#"1#G#-4"#&6-1"#
0"# )/# M-/('1C# T3->('"(%+4"# "1# /(:I# deeeVI# )"# 1$/0-')/41# 8/$# -4"# 8"$1"# ,'4/4&'9$"# 8+-$# (")#
C("B"-$)#TPF,+$0#"1#/(:I#deeoV:#24#8$C)"4&"#0"#D+-)'"$)I#(/#)-$B'"#0")#%+-&6")#1"40#G#0C&('4"$#
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"4#$C8+4)"#G#(5/&1'+4#%C&/4'M-"#T/&1'B'1C#0"#1$'1-$/1'+4#0"#(/#%/1'9$"#,C&/("#"1#&$"-)"%"41#0")#
>/("$'")V# "40+%%/>"/41# (")# u-,)I# G# (/# 8$C0/1'+4# 4+1/%%"41# 8/$# 0")# /&/$'"4)# 86+$C1'M-")#
/%"4C)#8/$#(")#D+-)'"$)#"1#G#(/#&+%8C1'1'+4#8+-$#(/#$"))+-$&"#1$+86'M-"#TP+$4"%'))R/I#dehrn#
P(-%"# "1# /(:I# dehfn# ;/&M-""4# p# P"'$4"I# dehm/n# b->6")# "1# /(:I# dehgn# ;++4# "1# /(:I# degrn#
O/((/&"#p#YF40/("@P')&+"I# degfn# N""6/4# "1# /(:I# degmn#Z+-D"I# degqn#K'0)0'((?=%'16# "1# /(:I#
degqn# K'0)0'((@=%'16# "1# /(:I# deghn# ;/$'/1">-'I# orrrn# P')6+8# "1# /(:I# orrmV:# .")# /&/$'"4)I#
1$/4)8+$1C)# 0"# 8$+&6"# "4# 8$+&6"# T?$/41RI# deegn#S'+>$"1# "1# /(:I# orrHn#S'+>$"1# "1# /(:I# orrq/n#
S'+>$"1# "1# /(:I# ordrV# 0C1$-')"41# -4"# M-/41'1C# 4+4# 4C>('>"/D("# 05u-,)# "1# 0"# E"-4")# (/$B")# 0"#
%+-&6")#TO/((/&"#"1#/(:I#deheV:#."11"#$C>-(/1'+4#0")#8+8-(/1'+4)#0"#0'819$")#")1#&+%8(C1C"#8/$#
-4"#8$C0/1'+4#8/$#(")#6')1C$'0")#"1#(")#)1/86F('4)#"1#-4#8/$/)'1')%"#0")#(/$B")#+-#8-8")#8/$#0"#
8"1'1)#6F%C4+819$")#8/$/)'1+s0"):##
Z5/-1$")# ,+4&1'+4)#C&+(+>'M-")#8"-B"41#C>/("%"41#71$"#&'1C")# 1"((")#M-"# (/#0')8"$)'+4#
)"&+40/'$"#0")#>$/'4")#"1#(/#8$CB"41'+4#0"#8"$1"#0"#)-$,/&"#0"#8`1-$/>"#8/$#/&&-%-(/1'+4#0")#
"<&$C%"41)# TP+$4"%'))R/# p# O'(('/%)I# dehrn# O/1"$6+-)"I# dehHn# P+$4"%'))R/I# dehqn#
Q40$")"4#p#A"B"FI#orrHn#=/41+)@b"$"0'/#"1#/(:I#ordrn#=/41+)@b"$"0'/# "1# /(:I#orddV:#Y+-1")#
&")#,+4&1'+4)#)+41#"))"41'"((")#8+-$#/))-$"$#-4"#D+44"#M-/('1C#0")#8`1-$"):#2((")#$"41$"41#0/4)#
("# &/0$"# 0")# )"$B'&")# C&+)F)1C%'M-")I# -4"# 4+1'+4# $C&"%%"41# 0CB"(+88C"# "1# D/)C"# )-$# -4"#
/88$+&6"#C&+4+%'M-"#0"#(5",,'&/&'1C#,+4&1'+44"(("#0")#+$>/4')%"):##
1.2.3!Les services écosystémiques 
A/#4+1'+4#0"#)"$B'&")#C&+)F)1C%'M-")#$"&+-B$"#(5"4)"%D("#0")# ,+4&1'+4)#C&+(+>'M-")#
0'$"&1"%"41#DC4C,'M-")#G#(56+%%"#TZ"#3$++1#"1#/(:I#orroV:#A5C&+4+%'"I#)/#)/41C#"1#)+4#D'"4@
71$"#)+41#'41'%"%"41#('C)#/-#D+4#C1/1#0"#,+4&1'+44"%"41#0")#C&+)F)19%")#T;2QI#orrmV#TN'>:#
oV:#A5'0"41','&/1'+4#0")#$"(/1'+4)#"41$"#(/#D'+0'B"$)'1C#"1#(")#,+4&1'+4)#")1#&$-&'/("#8+-$#8$C0'$"#
(")# '%8/&1)# C&+(+>'M-")# "1# C&+4+%'M-")# ('C)# /-<# /&1'B'1C)# /416$+8'M-")# TQ$%)a+$16# "1# /(:I#
orrhV:#A")#C1-0")#8+$1/41#)-$#(")#)"$B'&")#$"40-)#8/$#(")#D+-)'"$)#+41#%')#"4#CB'0"4&"#(/#B/("-$#
M-5'()#$"8$C)"41"41#8+-$#(5C("B/>"#TN"$$/$I#dehmn#Z+-D"#"1#/(:I#deedn#?'$L#"1#/(:I#deedn#A+)"F#
p#t/->6/4I#orrqn#S'&6+()#"1#/(:I#orrgV:#A"#&/)#0"#(5Q-)1$/('"#&+4)1'1-"#-4#8/$,/'1#"<"%8("#0"#
(5'%8+$1/4&"# C&+4+%'M-"# 0")# D+-)'"$):# A5/D)"4&"# 0"# D+-)'"$)# /0/81C)# /-<# "<&$C%"41)# 0-#
DC1/'(# '%8+$1C# /# "41$/l4C# -4"# /&&-%-(/1'+4# )/4)# 8$C&C0"41# 0"# ,9&")# 4+4# 0C>$/0C")#
TP+$4"%'))R/I# deqrn# P+$4"%'))R/I# dehqV# "41$/l4/41# -4"# "<8(+)'+4# 0")# 8+8-(/1'+4)# 0"#
%+-&6")# 4-')'D(")# /-# DC1/'(# Tb->6")I# dehmV# "1# -4"# 8"$1"# %/))'B"# 0")# )-$,/&")# 8`1-$/D(")#
TN"$$/$I# dehmV:# ."# 0F),+4&1'+44"%"41# 0-# )F)19%"# /# "41$/'4C# -4"# 8"$1"# C&+4+%'M-"# C("BC"#
8+-$# (")# C("B"-$)# /-)1$/('"4)I# &+41$/'41)# 05'%8+$1"$# 0")# D+-)'"$)# /0/81C)# 8+-$# $C0-'$"#
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(5/&&-%-(/1'+4#0")#D+-)")#T?'$L#"1#/(:I#deedV. A5Q-)1$/('"#45")1#1+-1",+')#M-5-4#"<"%8("#"1#(")#
D+-)'"$)#E+-"41#-4#$]("#&(C#0/4)#(/#0-$/D'('1C#0")#)F)19%")#0"#8$+0-&1'+4#0-#DC1/'(#G#(5C&6"(("#
%+40'/(":#A5C("B/>"I#/B"&#fIH#%'(('/$0)#056"&1/$")#8`1-$C)I#+&&-8"#omx#0"#(/#)-$,/&"#1+1/("#0-#
>(+D"# T6+$)# >(/&"V:# A/# 8/$1# 0"# (5C("B/>"# '41"4)',# T/B"&# -4"# 8$+0-&1'B'1C# $"(/1'B"%"41#
'%8+$1/41"V#"1#&"(("#0"#(5C("B/>"#"<1"4)',#$"8$C)"41"41#$")8"&1'B"%"41#Hd#"1#mex#0"#(5C("B/>"#
1+1/(# T=1"'4,"(0# "1# /(:I# orrqV:#;7%"# )'# (")# )"$B'&")# C&+)F)1C%'M-")# &+%%"# ("# $"&F&(/>"# 0")#
4-1$'%"41)# "1# ("# 1$/B/'(# 0-# )+(# $C/(')C)# 8/$# (")# D+-)'"$)# $")1"41# 0',,'&'(")# G# CB/(-"$I# 8+-$# (")#
21/1)@U4')#+4#/#")1'%C#G#fgr#%'(('+4)#0"#0+((/$)#TU=V#8/$#/4#(/#B/("-$#4"11"#/88+$1C"#8/$#(")#
D+-)'"$)#G#(5'40-)1$'"#D+B'4"#TA+)"F#p#t/->6/4I#orrqV:#."11"#")1'%/1'+4#)5/88-'"#(/$>"%"41#
)-$#0")#B/("-$)#8-D('C")#8/$#N'4&6"$#TdegdV#"1#Q40"$)+4#"1#/(:#TdegHV:#
A")# $"(/1'+4)# "41$"# 0'B"$)'1C# 1/<+4+%'M-"I# ,+4&1'+4)# C&+(+>'M-")# "1# )"$B'&")#
C&+)F)1C%'M-")#)+41#"4&+$"#0',,'&'(")#G#/88$C6"40"$:#W(#&+4B'"41#05'0"41','"$#(")#")89&")#+-#(")#
1$/'1)#&(C)#$"('C)#G#&")#,+4&1'+4)#C&+(+>'M-")I#(")#,/&1"-$)#M-'#%+0-("41#&")#,+4&1'+4)#/'4)'#M-"#
(")# C&6"((")# )8/1'+@1"%8+$"((")# 8"$1'4"41")# 8+-$# /4/(F)"$# (")# />"41)# "1# ("-$)# ,+4&1'+4)#
T?$"%"4I#orrmV:#Z5/8$9)#S'&6+()#"1#/(:#TorrgVI#-4"#C1/8"#'40')8"4)/D("#")1#(/#&/$/&1C$')/1'+4#
0"# (/# $"(/1'+4# "41$"# (")# ,+4&1'+4)# C&+(+>'M-")# "1# (")# )"$B'&")# C&+)F)1C%'M-"):# W(# ")1# 1$9)# 8"-#
B$/')"%D(/D("#M-"#1+-1")#(")#,+4&1'+4)#C&+(+>'M-")#/))-$C")#8/$#(")#D+-)'"$)#)+'"41#8"$1'4"41")#
0/4)#1+-)#(")#&+41"<1")#4/1-$"()#"1#)+&'+@C&+4+%'M-"):#A5'0"41','&/1'+4#05")89&")#+-#>$+-8")#
05")89&")#'40'&/1"-$)#05-4"#$'&6"))"#)8C&','M-"#'%8+$1/41"#"1#05-4#D+4#,+4&1'+44"%"41#)"$/'1#
CB'0"%%"41# '0C/(":# U4# 1"(# '40'&/1"-$# 4C&"))'1"$/'1# 0571$"# )"4)'D("# /-<# 8"$1-$D/1'+4)# 8+-$#
$C/>'$# "4# &/)# 0"# $')M-"# "4B'$+44"%"41/(:# *+-$# 8/(('"$# (/# 0',,'&-(1C# M-"# $"8$C)"41"#
(5'0"41','&/1'+4# 05-4# 1"(# '40'&/1"-$I# (")# C1-0")# 8+$1/41# )-$# ("# ('"4# "41$"# (/# )1$-&1-$"# 0")#
&+%%-4/-1C)# &+8$+86'(")# "1# (")# ,+4&1'+4)# C&+(+>'M-")# $C/(')C")# )+41# "))"41'"((")I# "4#
8/$1'&-('"$#(+$)M-5+4#%/4'8-("#("#)F)19%"#"4#(-'#,/')/41#)-D'$#-4#)1$")):##
#
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A)5(1&!="!B'.1&!23/2&+0(&,!,)'/0!,&%!$23%C%09*&%!'(!D)&/EF01&!7(*')/!8G(*'1<!=>H>@;!
 
1.3!Perturbations 
A")#&+%%-4/-1C)#05'4B"$1CD$C)#0")# C&+)F)19%")#8`1-$C)# &+4)1'1-"41#0"# D+4)#%+09(")#
8+-$#C1-0'"$#(")#",,"1)#0"#8"$1-$D/1'+4)#05+$'>'4"#/416$+8'M-":#W(#")1#8+))'D("#05'41"$B"4'$#)-$#(/#
0"4)'1C# 0"# DC1/'(I# ("# 1F8"# 05/4'%/-<I# (/# ,/_+4# 0"# &+40-'$"# ("# 1$+-8"/-# "1# C>/("%"41# )-$# (")#
M-/41'1C)#"1#1F8")#0"#1$/'1"%"41)#BC1C$'4/'$")#8$+0'>-C)#/-#DC1/'(#T0/1")I#1F8"#05/0%'4')1$/1'+4I#
%+(C&-(")cV#TN'>:#fV:#A5-)/>"#(/$>"%"41#$C8/40-#0")#%C0'&/%"41)#/41'8/$/)'1/'$")#0+41#-4"#
8/$1'"# )"# $"1$+-B"# 0/4)# (")# 0CE"&1'+4)# 0")# /4'%/-<# 1$/'1C)# 8"-1# &+41$'D-"$# /-# 0C&('4# 0")#
'4)"&1")# &+8$+86/>"):# A")# ",,"1)# 0"# &")#%C0'&/%"41)# BC1C$'4/'$")# 0/4)# (5"4B'$+44"%"41# +41#
C1C# C1-0'C)# 0"# %/4'9$"# '41"4)'B"# 0"8-')# 8(-)'"-$)# /44C")# TA-%/$"1I# degqn#O/((# p# =1$+4>I#
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)/-B/>")#4"#8"$%"11/'1#8/)#05/))-$"$#(/#&+4)"$B/1'+4#0-#8++(#$C>'+4/(#05")89&")#&+8$+86/>")#
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0C&('4# 0")# ",,"&1',)# 0")# /4'%/-<# M-'# 8$+0-')"41# (")# ,9&"):# Z")# ",,"1)# +41# 4+1/%%"41# C1C#
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écosystémiques clés, tels que le recyclage des nutriments et la dispersion secondaire des 
graines (Nichols et al., 2009). Les impacts sur les communautés de bousiers peuvent 
également avoir des effets ascendants sur leurs prédateurs, comme certains mammifères et 
reptiles (cas du Grand Rhinolophe et du Murin à oreilles échancrées dont le régime 
alimentaire comprend de nombreux bousiers).  
 
Figure 3: Facteurs biotiques et abiotiques influençant la dégradation des excréments (Floate, 
pers. comm.). 
 
1.4 Objectifs de la thèse 
A/# M-")1'+4# &"41$/("# &+4&"$4"# (5'%8/&1# 0")# 8"$1-$D/1'+4)I# "4# 8/$1'&-('"$# 05+$'>'4"#
/416$+8'M-"I# )-$# (")# &+%%-4/-1C)# 05'4)"&1")# &+8$+86/>")# "1# ("# ,+4&1'+44"%"41# 0")#
écosystèmes 8`1-$C):# W(# )5/>'1I# G# (5C&6"(("# 0")# ")89&")# "1# 0")# &+%%-4/-1C)I 05'0"41','"$# (")#
traits qui atténuent ou accentuent les réponses fonctionnelles pour appréhender les effets en 
cascade, ainsi que le suggéraient Nichols et al. (2009). Comment peut-on caractériser les 
relations entre la diversité des espèces et le fonctionnement en réponse à des perturbations ? 
Pour répondre à ces questions, notre problématique portera sur plusieurs points : 
- W0"41','"$# (")# ")89&")# $C/(')/41# (5"))"41'"(# 0")# ,+4&1'+4)# C&+(+>'M-")# G# -4# %+%"41#
0+44C#0/4)#(5C&+)F)19%" ; 
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2! Perturbations-structure : effets non-intentionnels 
de l’ivermectine sur la communauté coprophile 
 
2.1!Contexte institutionnel de l’utilisation des produits 
vétérinaires et de leur impact sur la faune coprophage 
#
# Z/4)# (")# 8/F)# 0"# (5^.Z2# T^$>/4')/1'+4# 0"# .++8C$/1'+4# "1# 0"# ZCB"(+88"%"41#
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*$+0-&1)VI#-4#8$+>$/%%"#1$'(/1C$/(#TU2@!/8+4@21/1)@U4')V#+,,'&'"(("%"41#(/4&C#"4#/B$'(#deeq#
"1# B')/41# G# 6/$%+4')"$# (")# "<'>"4&")# 1"&64'M-")# 8+-$# (}"4$">')1$"%"41# 0")# 8$+0-'1)#
BC1C$'4/'$"):##
# A5CB/(-/1'+4# 0-# $')M-"# "4B'$+44"%"41/(# T24B'$+4%"41/(# K')L# Q))"))%"41\# 2KQV#
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05"<8+)'1'+4#0")#+$>/4')%")#&'D(")#/-<#%+(C&-(")#1")1C")#1/40')#M-"#0/4)#(/#86/)"#WW#0")#1")1)#
C&+1+<'&+(+>'M-")#)+41#"<'>C)#TtW.bI#orrHV:#U4"#2KQ#0")#t;*)#")1#$"M-')"#8+-$#(/#,/-4"#
&+8$+86/>"#4+4@&'D("#)'# (/#%+(C&-("#+-# (/#8$C8/$/1'+4#/>'1#"4# 1/41#M-5/41'8/$/)'1/'$"#8+-$# ("#
DC1/'(:#Z/4)#("#4'B"/-#Q#0"#(/#86/)"#WWI#0")#C1-0")#)+41#$"M-')")#8+-$#CB/(-"$#)-$#(")#D+-)'"$)#
"1# (")# %+-&6")# (")# ",,"1)# 4+4@'41"41'+44"()# 0")# /41'8/$/)'1/'$")# $"E"1C)# 0/4)# (")# 0CE"&1'+4):#
A+$)M-5-4# $')M-"# ")1# '0"41','CI# 0")# C1-0")# )-88(C%"41/'$")# )+41# $"M-')")# T4'B"/-#PV# /,'4# 0"#
&/$/&1C$')"$# (/# 4/1-$"# "1# (5C1"40-"# 0")# ",,"1)# 4+4@'41"41'+44"()# "4# -1'(')/41# &+%%"#
D'+'40'&/1"-$)# 0")# +$>/4')%")# $"8$C)"41/1',)# 0"# (/# ,/-4"# &+8$+86/>":# Y+-1",+')I# 0")#
$"&6"$&6")#)+41#"4&+$"#4C&"))/'$")#8+-$#(/#%')"#"4#8(/&"#05C1-0")#0"#4'B"/-#P#"1#/-@0"(G#8-')#
0")#Z'$"&1'B")#T3-'0/4&")V#0"B$+41#71$"#$C0'>C")#8+-$#8$C&')"$#(")#8$+1+&+(")#"1#(")#"<'>"4&")#
0"#&")#1")1):#Q#(56"-$"#/&1-"(("I#("#)"-(#&+4)"'(#,+-$4'#0/4)#(/#0'$"&1'B"#0"#orrH#TtW.bI#orrHV#
")1#05+$'"41"$#(/#$C>("%"41/1'+4#8/$#0")#C1-0")#/88$+8$'C"):#A/#0'$"&1'B"#$CB')C"#"4#orrg#)-$#
(5CB/(-/1'+4# 0")# '%8/&1)# "4B'$+44"%"41/-<# 0")# 1$/'1"%"41)# BC1C$'4/'$")# T2;Q# orrgV# 4"#
,+-$4'1# 8/)# 8(-)# 05'4,+$%/1'+4)# )-$# (")# 1")1)# 0"# 4'B"/-<# )-8C$'"-$):# A"# &6/%8# 0")#
'4B")1'>/1'+4)#$")1"#0+4&#"4&+$"#(/$>"%"41#+-B"$1:#
 30 
 
# Q-#&+-$)#0")#om#0"$4'9$")#/44C")I#0"#4+%D$"-)")#C1-0")#+41#0CEG#CB/(-C#(")#",,"1)#0")#
t;*)#)-$#(")#+$>/4')%")#&+8$+86/>")I#G#(/#,+')#"4#(/D+$/1+'$"#"1#)-$#("#1"$$/'4#TB+'$#(/#$"B-"#
0"#A-%/$"1#"1#/(:I#ordoV:#."8"40/41#&")#C1-0")#+41#C1C#$C/(')C")#"4#-1'(')/41#0")#%C16+0+(+>'")#
0',,C$"41")I#0")#+$>/4')%")#4+4@&'D(")#0',,C$"41)#T8$'4&'8/("%"41#0")#'4)"&1")VI#/B"&#-4#8/4"(#
$"(/1'B"%"41# (/$>"# 0"# %+(C&-(")# +-# 8$C8/$/1'+4)# 1")1C"):# U4"# /88$+&6"# )1/40/$0# 0")#
%C16+0+(+>'")#)5/B9$"#0+4&#4C&"))/'$"#8+-$#(")#0',,C$"41)#4'B"/-<#05"))/')I#1/41#/-#4'B"/-#Q#
0"# (/# 86/)"# WW# M-"# 8+-$# (")# 4'B"/-<# )-8C$'"-$)# T%C)+&+)%")# +-# "))/')# "4# &6/%8V:# ."11"#
)1/40/$0')/1'+4# 0")# 8$+1+&+(")# "1# %C16+0")# ")1# /11"40-"# 8/$# (5Q>"4&"# 2-$+8C"44"# 0")#
;C0'&/%"41)#T2-$+8"/4#;"0'&'4")#Q>"4&F\#2;QVI#8/$#(")#/-1+$'1C)#4/1'+4/(")I#(5'40-)1$'"#"1#
(")#"<8"$1)#"4#B-"#0"#0C('B$"$#(")#4+-B"((")#Q;;#T/-1+$')/1'+4)#0"#%')"#)-$#("#%/$&6CV:#Z")#
1$/B/-<#$C&"41)#+41#0CEG#8"$%')#05/D+$0"$#(")#"))/')#0-#4'B"/-#Q#0"#(/#86/)"#WW#Tb"%8"(#"1#/(:I#
orrqn# A-%/$"1# "1# /(:I# orrhn# K+"%DL"# "1# /(:I# orrhn# K+"%DL"# "1# /(:I# orren# K+"%DL"# "1# /(:I#
ordr/n#!+&6%/44#"1#/(:I#orddV:#Z5/-1$")#C1-0")#+41#C1C#'4'1'C")#/,'4#0"#8$C&')"$#(")#8$+1+&+(")#G#
%"11$"#"4#u-B$"#(+$)#0"#(/#86/)"#P#/,'4#05CB/(-"$#(")#",,"1)#05-4#/41'8/$/)'1/'$"#)-$#(/#)1$-&1-$"#
0")# &+%%-4/-1C)# 05'4B"$1CD$C)# &+8$+86/>")# TK+"%DL"# "1# /(:I# ordrDV:# .")# 1$/B/-<# )+41# G#
$"8(/&"$#0/4)#(/#&+41'4-'1C#05/-1$")#1$/B/-<#8(-)#/4&'"4)#)-$#&"#%7%"#169%"#TA-%/$"1#"1#/(:I#
deefn#?$~>"$#p#=&6+(1RI#deeg/n#?$~>"$#p#=&6+(1RI#deegDn#?$F>"$#"1#/(:I#orrmV: 
# *+-$#%'"-<#&"$4"$#&"11"#M-")1'+4#"1#&+41$'D-"$#G#(/#%')"#"4#u-B$"#05-4#8$+1+&+("#M-'#
)"$/#8$+8+)C#8+-$#(/#$C/(')/1'+4#0")#"))/')#0-#4'B"/-#P#0"#(/#86/)"#WWI# (5Q>"4&"#NC0C$/("#0"#
(524B'$+44"%"41# /(("%/40"# TU%a"(1D-40")/%1# TUPQVV# /# ,'4/4&C# 0")# $"&6"$&6")# 0/4)#
8(-)'"-$)# 8/F)# 052-$+8"# "1# /-# ./4/0/# 8+-$# $C/(')"$# 0")# C1-0")# )-$# ("# 1"$$/'4# "4# -1'(')/41#
(5'B"$%"&1'4"#&+%%"#/41'8/$/)'1/'$"#0"#$C,C$"4&":#.")#$"&6"$&6")#&++$0+44C")#)5/88-'"41#)-$#
(")# $"&+%%/40/1'+4)# 8$+8+)C")# 8/$# !+&6%/44# "1# /(:# TorddV:# A"# &6+'<# 0"# 8(-)'"-$)# $C>'+4)#
>C+>$/86'M-")#$"8+)"#)-$#("#,/'1#M-"#("#8$+1+&+("#0+'1#71$"#$+D-)1"#"1#0+'1#8+-B+'$#)5/E-)1"$#G#
1+-)# (")# 8/F)# 0"# (5^.Z2:#.5")1# 8+-$M-+'# &")# C1-0")# +41# C1C# &+40-'1")# /B"&# 0")# 8$+1+&+(")#
)'%'(/'$")# 0/4)# ("# )-0# 0"# (/# N$/4&"# T&('%/1# %C0'1"$$/4C"4#n# ("# 8$C)"41# 1$/B/'(VI# "4# =-'))"#
T&('%/1# &+41'4"41/(VI# /-<# */F)@P/)# T&('%/1# /1(/41'M-"V# "1# 0/4)# (5+-")1# 0-# ./4/0/# T&('%/1#
&+41'4"41/(V:# Q# &6/M-"# ,+')# '(# )5/>'))/'1# 0"# BC$','"$# )'# (/# 8$C)"4&"# 05'B"$%"&1'4"# 0/4)# (")#
0CE"&1'+4)#0-#DC1/'(# "41$/l4/'1# 0")#8"$1-$D/1'+4)# )-$# (/#0'B"$)'1C#0"# (/# ,/-4"#&+8$+86'("# "1# )'#
&"(/#/,,"&1/'1#(/#B'1"))"#0"#0C>$/0/1'+4#0")#D+-)"):#
# S+1$"# 1$/B/'(# 0"# 169)"# )5'4)&$'1# 0/4)# &"11"# 0C%/$&6":# Z/4)# &"# &6/8'1$"# 4+-)#
8$C)"41"$+4)# (")# $C)-(1/1)# 0"# 4+1$"# C1-0"# $C/(')C"# G# ;+418"(('"$# )-$# (")# ",,"1)# 0")# $C)'0-)#
05'B"$%"&1'4"#0/4)#(")#D+-)")#TWt;#0C('B$C"#)+-)#,+$%"#0"#8+-$@+4#/-#DC1/'(V#)-$#(/#)1$-&1-$"#
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0")#&+%%-4/-1C)#&+8$+86'("):#24#&+%8(C%"41#0"#&"#B+("1I#4+-)#CB/(-"$+4)#(")#",,"1)#)-$#(/#
)1$-&1-$"# 0"# &+4&"41$/1'+4)# &+44-")# 05Wt;# 0'$"&1"%"41# '4&+$8+$C"# /-<# D+-)")# Ti#)8'L"0#
0-4>#jV:# .")# "<8C$'%"41/1'+4)# B'"44"41# "4# &+%8(C%"41# 0-# 8$+1+&+("# >C4C$/(# )-'B'# 8/$# (")#
0',,C$"41")# CM-'8")# 0-# 8$+E"1:#S+1$"# &+4&(-)'+4# 8+$1"$/# )-$# (/# &+%8/$/')+4# 0"# 4+)# $C)-(1/1)#
/B"&# &"-<# +D1"4-)# 0/4)# (")# 0',,C$"41)# 8/F)# /,'4# 0"# 0C>/>"$# 0")# $"&+%%/40/1'+4)# 8(-)#
>C4C$/(")#)-$#(5-)/>"#0")#t;*):##
#
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2.2! Introduction à l’utilisation des produits vétérinaires et à 
leur impact sur la faune coprophage 
# #
Z-$/41#(")#/44C")#grI#("#0+%/'4"#0")#%C0'&/%"41)#/41'8/$/)'1/'$")#/#C1C#$CB+(-1'+44C#
8/$#(5/88/$'1'+4#0")#(/&1+4")#%/&$+&F&('M-")#/F/41#-4"#/&1'+4#)-$#(")#"&1+@#"1#(")#"40+8/$/)'1")#
T05+v#("-$#4+%#05"40"&1+&'0")V#T./%8D"((I#degen#?+$4')I#deemV:#Z"#4+%D$"-<#"40"&1+&'0")#
&+%%"# (5'B"$%"&1'4"# TWt;V#+41# -4"# )1$-&1-$"# M-/)'%"41# '4&6/4>C"# (+$)M-5'()# )"# $"1$+-B"41#
0/4)# (")# 0CE"&1'+4)# 0-# DC1/'(I# "1# 4+1/%%"41# '()# &+4)"$B"41# ("-$)# 8$+8$'C1C)# '4)"&1'&'0")#
T=+%%"$#"1#/(:I#deeon#Q40$"a#p#b/(("FI#deeqn#Q(B'4"$'"#"1#/(:I#deeen#A-%/$"1#"1#/(:I#ordoV:#
A5Wt;# ")1# -1'(')C"# "4# $+-1'4"# 0/4)# (/# %')"# /-# 8+'41# 0")# 1")1)# )1/40/$0')C)# M-"# (")# ,'$%")#
86/$%/&"-1'M-")#BC1C$'4/'$")#$C/(')"41#0/4)#("#&/0$"#0"#(/#8$C8/$/1'+4#0"#("-$#0+))'"$#05Q;;#
0"# 4+-B"((")# %+(C&-(")# +-# 8$C8/$/1'+4)# TK+"%DL"# "1# /(:I# orrhn# K+"%DL"# "1# /(:I# ordr/n#
P(/4&L"46+$4#"1#/(:I#ordf/V:#=+4#8$+,'(#86/$%/&+&'4C1'M-"#05"<&$C1'+4#0/4)#(")#0CE"&1'+4)#0"#
4+%D$"-<#/4'%/-<#")1#$"(/1'B"%"41#D'"4#&+44-#T=+%%"$#"1#/(:I#deeon#=+%%"$#p#=1",,/4)"4I#
deefn#./4>/#"1# /(:I#orren#N"$4/40"R#"1# /(:I#orren#?$+>6#"1#/(:I#orren#."(")1'4/#"1#/(:I#ordrn#
A'"D'># "1# /(:I# ordrn# N+$)1"$# "1# /(:I# orddn# W>(")'/)# "1# /(:I# orddV# "1# 0"# 4+%D$"-<# 1$/B/-<#
T8$'4&'8/("%"41# 0")# "<8C$'%"41/1'+4)# "4# (/D+$/1+'$"V# +41# $CBC(C# (/# ,+$1"# 1+<'&'1C# 0"# &"11"#
%+(C&-("# 8+-$# -4"# >$/40"# 0'B"$)'1C# 05'4B"$1CD$C)# T"4# 8/$1'&-('"$# 0'819$")# "1# &+(C+819$")V#
T?$->"$# p# =&6+(1RI# deemn# ?$->"$# p# =&6+(1RI# deehn# 2$$+-'))'# "1# /(:I# orrdn# Y/F(+$I# orrdn#
b"%8"(# "1# /(:I# orrqn# A-%/$"1# "1# /(:I# orrhn# K+"%DL"# "1# /(:I# ordr&n# N+$)1"$# "1# /(:I# orddn#
3+4R/("R@./4>/I#ordon#A-%/$"1#"1#/(:I#ordon#P(/4&L"46+$4#"1#/(:I#ordfDV:#24#8/$1'&-('"$I#(")#
(/$B")# 0")# D+-)'"$)# "1# 0")#%+-&6")# T)8C&'/("%"41#="8)'0/"# "1# (")#=86/"$+&"$'0/"V# )+41# 1$9)#
)"4)'D(")# G# &"11"# %+(C&-("# T;/0)"4# "1# /(:I# deern# .++LI# deedn# =&6/8"$# p# A'"D')&6I# deedn#
O/$06/->6# "1# /(:I# deeqn#P+</((# "1# /(:I# orron#P+</((# "1# /(:I# orrHV:#."8"40/41# (5"))"41'"(# 0")#
1$/B/-<#8-D('C)#8+$1"#)-$#(")#",,"1)#0"#(5Wt;#)-$#-4"#)"-("#")89&"#G#(/#,+'):#."-<#M-'#1$/'1"41#
0")#",,"1)#)-$# ("# 1"$$/'4# )+41#D"/-&+-8#%+'4)#4+%D$"-<#G#&+4)'0C$"$# (/# ,/-4"#&+8$+86'("#+-#
&+8$+86/>"# 0/4)# )/# >(+D/('1C# TA-%/$"1# "1# /(:I# deefn# ?$~>"$# p# =&6+(1RI# deeg/n# ?$~>"$# p#
=&6+(1RI#deegDn#2$$+-'))'I#orrfn#?$F>"$#"1#/(:I#orrmn#K+"%DL"#"1#/(:I#ordrDV:##
#
*/$#/'(("-$)I#(")#%+0")#05/0%'4')1$/1'+4#0"#(/#%+(C&-("#)+41#4+%D$"-<I#4+1/%%"41#"4#
,+4&1'+4# 0")# ")89&")# 1$/'1C")# &"# M-'# 8"-1# "41$/l4"$# 0")# 0',,'&-(1C)# 056+%+>C4C')/1'+4:# 24#
8/$/((9("# G# -4# 1$/'1"%"41# &(/))'M-"I# 8+-$# ("M-"(# +4# /# -1'(')C# (")# D+-)")# 05/4'%/-<# 1$/'1C)I#
$"&-"'(('")# G# 0',,C$"41")# 0/1")# /8$9)# ("# 1$/'1"%"41#%/')# )/4)# &+44/'1$"# /# 8$'+$'# (")# M-/41'1C)#
05Wt;#8$C)"41")I#4+-)#/B+4)#"4B')/>C#("#8$+D(9%"#05-4"#%/4'9$"#0',,C$"41"I#"4#0C8+)/41#)-$#
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("#1"$$/'4#0")#D+-)")#0+41#(/#&+4&"41$/1'+4#05Wt;#C1/'1#0C1"$%'4C"#G#(5/B/4&":#."11"#/88$+&6"#
45")1# 8+))'D("# M-"# 8/$&"# M-"# (/#%+(C&-("# 0+41# +4# 1")1"# (")# ",,"1)# 45")1# 8/)#%C1/D+(')C"# 8/$#
(5/4'%/(I# &"# M-'# ")1# (/# &/)# 8+-$# (5Wt;# T=+%%"$# "1# /(:I# deeon# Q40$"a# p# b/(("FI# deeqn#
Q(B'4"$'"# "1# /(:I# deeeVI# +-# (+$)M-"# (")# %C1/D+('1")# &$CC)# )+41# '0"41','C)# "1# 8"-B"41# 71$"#
%C(/4>C)# 0'$"&1"%"41# G# (/# D+-)"# G# (/# 8(/&"# 0"# (/# %+(C&-("# %9$":# A5/00'1'+4# 0"# M-/41'1C)#
&+44-")#05Wt;#0'$"&1"%"41#0/4)#(")#0CE"&1'+4)#05/4'%/-<#4+4#1$/'1C)#")1#8$/1'M-"I#8"$%"11/41#
0"#0C1"$%'4"$#/))"R#/')C%"41#(")#B/("-$)#0"#(/#8(-)#,/'D("#&+4&"41$/1'+4#8+-$#(/M-"(("#-4#",,"1#
")1#+D)"$BC#TA^2.V#"1#0"#(/#8(-)#,+$1"#&+4&"41$/1'+4#1")1C"#G#(/M-"(("#/-&-4#",,"1#45")1#+D)"$BC#
TS^2.V# T?$->"$#p#=&6+(1RI# deemn#?$->"$#p#=&6+(1RI# deehn# 2$$+-'))'# "1# /(:I# orrdn# Y/F(+$I#
orrdn#b"%8"(#"1#/(:I#orrqn#A-%/$"1#"1#/(:I#orrhn#K+"%DL"#"1#/(:I#ordr&n#N+$)1"$#"1#/(:I#orddn#
3+4R/("R@./4>/I#ordon#A-%/$"1# "1# /(:I# ordon#P(/4&L"46+$4#"1# /(:I# ordfDV:#A5-1'(')/1'+4#0")#
0CE"&1'+4)# 05/4'%/-<# 1$/'1C)# ")1# %+'4)# 8$/1'M-"# &/$# &"(/# '%8('M-"# 0")# /4/(F)")# (+4>-")# "1#
&+k1"-)")#8+-$#0C1"$%'4"$#(/#&+4&"41$/1'+4#0"#(5Wt;#0/4)#&6/M-"#8$C(9B"%"41#0"#D+-)":#
#
2.3!Matériel et méthodes 
 
2.3.1!Site 
# A")#"<8C$'%"41/1'+4)#+41#C1C#%"4C")#0"#0CD-1#%/'#ordd#G#,'4#E-'4#ordo#G#=/'41#;/$1'4#
0"#A+40$")#T=;AV#THf|Hg5feSI#f|HH5fm2I#/(1'1-0"#omr#%I#bC$/-(1I#N$/4&"VI#G#fm#L%#/-#4+$0#
0"# ;+418"(('"$:# ."# )'1"# 0"# &('%/1# %C0'1"$$/4C"4# C1/'1# 8`1-$C# 8"40/41# -4"# 8/$1'"# 0"# &"11"#
8C$'+0"# 8/$# -4# 1$+-8"/-# 0"# dmr# >C4'))")# 0"# $/&"# Q-D$/&# 0+41# (")# D+-)")# 8"$%"11/'"41# (/#
8$C)"4&"#05-4"#$'&6"#&+%%-4/-1C#&+8$+86'("#TA-%/$"1#"1#/(:I#deeon#2$$+-'))'I#orrfV:#[-/1$"#
8'9>")#.=K# TA+D+#"1#/(:I#deggV#+41#C1C#%')#"4#8(/&"I#/88`1C)# T0CE"&1'+4)#05"4B'$+4#d#L>#"4#
8+'0)# ,$/')V# 8-')# &+(("&1C)# "4# %/'# "1# )"81"%D$"# ordd# /,'4# 05")1'%"$# ("# ,+40# 0"# ,/-4"# "4#
&+(C+819$")# &+8$+86/>")# TY/D("/-# dV:# W(# )5/>'))/'1# 05-4"# >/$$'>-"# G# 0+%'4/41"# 6"$D/&C"# G#
K)9,6E/%+(&:! )#0&'&:# "1# L6E:&'! ?&-D9)('# /B"&# M-"(M-")# $/$")# D+-M-"1)# 0"# &674")# B"$1)#
T@&#),&'!(-#GV=!A"#)-D)1$/1#&+4)')1/'1#"4#-4#)+(#/$>'("-<#$"&+-B$/41#-4"#$+&6"#&/(&/'$"#0-$":#A/#
1"%8C$/1-$"#%+F"44"# /-# &+-$)# 0"# (5"<8C$'"4&"# C1/'1# 0"# dHIm# |.I# /B"&# -4# &-%-(# /44-"(# 0")#
8$C&'8'1/1'+4)#0"#ddom#%%#T;C1C+,$/4&"V#TN'>:#HV:##
#
#
#
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7&D.3*'.')1&%!.&!,'!0&*+$1'0(1&!8*3C&//&@!&0!.&%!+1$2)+)0'0)3/%;'
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K'D,&'(!H"!L--&20)-%!.&!23,$3+091&%!23+13+7'5&%!2'+0(1$%!&/!=>HH!%(1!,&!%)0&!.6$0(.&!851M2&!N!?!
+)95&%!BO#!1&,&J$%!.&(4!P3(1%!'+19%!,6'++M0'5&@;'
Espèces 4 mai 8 septembre  
Acrossus luridus  2 
 Agrilinus constans  2 
 Ammoecius elevatus  
 
22 
Aphodius fimetarius  31 
 Aphodius foetidus  21 1 
Biralus satellitius  7 
 Bodilus ictericus ghardimaouensis  
 
66 
Bubas bubalus  8 
 Caccobius schreberi  12 46 
Calamosternus granarius  3 
 Chilothorax distinctus  3 
 Colobopterus erraticus  25 
 Coprimorphus scrutator  
 
1 
Copris hispanus  1 8 
Esymus merdarius  1 
 Eudolus quadriguttatus 14 
 Euoniticellus fulvus  8 227 
Euonthophagus amyntas  6 3 
Euorodalus paracoenosus  42 
 Geotrupes puncticollis  
 
6 
Nialus varians  
 
1 
Onthophagus emarginatus  
 
12 
Onthophagus furcatus  3 76 
Onthophagus joannae  1 1 
Onthophagus lemur  3 
 Onthophagus maki  2 
 Onthophagus opacicollis  1 2 
Onthophagus taurus 3 7 
Onthophagus vacca  56 2 
Onthophagus verticicornis  10 
 Otophorus haemorrhoidalis  21 3 
Phalacronothus quadrimaculatus  2 
 Plagiogonus putridus  1 
 Scarabaeus laticollis  
 
1 
Sericotrupes niger  
 
1 
Sigorus porcus  
 
1 
Sisyphus schaefferi schaefferi  2 10 
Subrinus sturmi  
 
99 
Trichonotulus scrofa  10 
 Nombre total d’individus 301 596 
Nombre total d’espèces 29 22 
!
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2.3.2!Bétail 
# U4#(+1#6+%+>94"#0"#B'4>1@6-'1#>C4'))")#0"#$/&"#Q-D$/&I#`>C")#05-4#/4#"1#8")/41#fqd#
fq#L>I# +41# C1C# -1'(')C")# T1$/'1"%"41# "1# &+(("&1"# 0")# D+-)")V:# A")# /4'%/-<#+41# C1C# )C8/$C)# 0-#
$")1"# 0-# 1$+-8"/-# "1# %/'41"4-)# 0/4)# -4"# 8/$&"(("# G# (5C&/$1# 0")# /-1$"):# Q# (5"<&"81'+4# 05-4#
&+%8(C%"41#0"#,+'4#"1#05"/-I#/-&-4#/-1$"#/88+$1#4-1$'1'+44"(#4"#("-$#/#C1C#,+-$4':#A")#>C4'))")#
45C1/'"41# 4'# >$/B'0")# 4'# 1$/'1C")# /B"&# -4# M-"(&+4M-"# %C0'&/%"41# /-# &+-$)# 0")# drr# E+-$)#
8$C&C0/41#("-$#1$/'1"%"41:#
#
2.3.3!Administration de IVM au bétail 
# A")#/4'%/-<#+41#1+-)#C1C#1$/'1C)#G#(5Wt;I#(5/0%'4')1$/1'+4#)"#,/')/41#)"(+4#(/#1"&64'M-"#
0-#8+-$@+4I#&+4)')1/41#"4#(}/88('&/1'+4#05-4"#M-/41'1C#0C,'4'"#05-4"#)+(-1'+4#05Wt;#0C8+)C"#
)-$#("#0+)#0"#(}/4'%/(#T/D)+$81'+4#0"#(5Wt;#8/$#B+'"#8"$&-1/4C"V#TN'>:#mV:#.6/M-"#'40'B'0-#/#
C1C#8")C#)C8/$C%"41#"1#/#$"_-#(/#0+)"#0"#d#%A#0"#)+(-1'+4#05WB+%"&#D+B'4#*+-$@+4#T;"$'/(I#
N$/4&"V#8+-$#dr#L>#8+'0)#B',I#)+'1#mrr#>#Wt;#8/$#L>:#
#
A)5(1&!Q"!K1')0&*&/0!.(!D$0'),!&/!R3(1E3/;!
 
2.3.4!Echantillonnage des déjections et expérimentation 
2.3.4.1 Pour-on 
# QB/41#(5/0%'4')1$/1'+4#0-#1$/'1"%"41I#"4B'$+4#Hr#L>#0"#D+-)"#+41#C1C#&+(("&1C)#TD+-)"#
1C%+'4#)/4)#Wt;V:#*-')#)-&&"))'B"%"41#G#&6/&-4#0")#E+-$)#fI#hI#dH#"1#og#/8$9)#("#1$/'1"%"41#
 37 
 
0")# /4'%/-<# T0/F)# 8+)1# /0%'4')1$/1'+4\#Z*QV# "4B'$+4# Hr# L># 0"# D+-)"# +41# C1C# G# 4+-B"/-#
8$C("BC):#A")#8$C(9B"%"41)#/B/'"41# ('"-# ("#%/1'4#0"#D+44"#6"-$"#/,'4#0"#0')8+)"$#0"#D+-)")#
,$/'&6")#0"# (/#4-'1I# 45/F/41#8/)# "4&+$"# /11'$C#05'4)"&1")# &+8$+86/>"):# A")#D+-)")# &+(("&1C")I#
8$+B"4/41# 0"# 0',,C$"41)# '40'B'0-)I# +41# C1C# %C(/4>C")# %'4-1'"-)"%"41# /,'4# 056+%+>C4C')"$#
(5"4)"%D("I#8-')#(/#%/1'9$"#,C&/("#/#C1C#&+40'1'+44C"#"4#)/&)#8(/)1'M-")#C1/4&6")#'0"41','C)#"1#
&+4)"$BC"#/-#&+4>C(/1"-$#G#or#|.:#oH#6"-$")#/B/41#)+4#-1'(')/1'+4I#(/#D+-)"#/#C1C#0C&+4>"(C":##
# *(-)'"-$)#)+-)@C&6/41'((+4)#T"41$"#m#"1#drV#05"4B'$+4#mr#>#&6/&-4#+41#C1C#8$C8/$C)#"4#
B-"#05",,"&1-"$#0'B"$)")#/4/(F)")#T1"4"-$#"4#"/-I# 1"4"-$#"4#&"40$")I#&+4&"41$/1'+4#05Wt;#"4#
,+4&1'+4#0")#E+-$)#0"#8$C(9B"%"41V:#A/#1"4"-$#"4#"/-#C1/'1#&+%8$')"#"41$"#go#G#gm#x#0-#8+'0)#
,$/')#0")#"<&$C%"41)#TgfId#x#"4#%+F"44"V#T)C&6/>"#"4#C1-B"#B"41'(C"#8"40/41#oH#6#G#drr#|.V:#
Q8$9)# 8F$+(F)"# 8"40/41# do# 6# G# mrr|.I# +4# /#%")-$C# (/# 1"4"-$# "4# &"40$")# 0")# C&6/41'((+4):#
."11"#%/1'9$"#%'4C$/("# $"8$C)"41/'1# 0"# dd# G# dm#x# 0-# 8+'0)# )"&# 0"# (5"<&$C%"41# TdoIh#x# "4#
%+F"44"V:#Q-#1+1/(I#m#0',,C$"41")#%+0/('1C)#T1$/'1"%"41)V#+41#C1C#)-'B'"):#A")#$C)'0-)#05Wt;#
0/4)# (/# D+-)"# ,$/'&6"# +41# C1C#%")-$C)I# 0"#%7%"# M-"# (/# &+4&"41$/1'+4# $C)'0-"(("# 05Wt;# /-#
&+-$)#0-#1"%8)#T)-'B'#0"#(/#0C>$/0/1'+4#0")#0CE"&1'+4)#)-$#("#1"$$/'4V#n#(")#/4/(F)")#+41#8+$1C#
/-))'# )-$# (5Wt;# $C)'0-"(# 0/4)# ("# )+(# )+-)@E/&"41# T)+-)# (")# D+-)")I# /8$9)# ("-$# 0C8]1# )-$# ("#
1"$$/'4V:##
#
2.3.4.2 Spiked 
A")# D+-)")# +41# C1C# &+(("&1C")# (/# B"'(("# 0-# 1$/'1"%"41# 0-# DC1/'(# G# (5'B"$%"&1'4":# ."41#
)+'</41"@0'<#L>#0"#D+-)")#1$9)#,$/'&6")#+41#C1C#&+(("&1C")#0/4)#("#8/$&#+v#C1/'"41#$/))"%D(C)#(")#
/4'%/-<I# $/%"4C")# /-# (/D+$/1+'$"# 8-')# D$/))C")# "4)"%D("# 8+-$# 0')8+)"$# 05-4"# %/1'9$"#
6+%+>94":# A5"4)"%D("# /# C1C# "4)-'1"# )-D0'B')C# "4# m# (+1)# &+%8/$/D(")# &+$$")8+40/41# G# (/#
M-/41'1C#4C&"))/'$"#8+-$#8$C8/$"$#-4#(+1#1C%+'4I#-4#(+1#1C%+'4#)+(B/41I#"1#1$+')#(+1)#&+41"4/41#
0"#(5Wt;#/-<#&+4&"41$/1'+4)#.dI#.o#"1#.f:#Q8$9)#8$C8/$/1'+4I#(")#0',,C$"41)#(+1)#0"#D+-)"#+41#
C1C# &+40'1'+44C)# 0/4)# 0")# )/&)# 8(/)1'M-")# C1/4&6")# $C,C$"4&C)I# 8-')# &+4>"(C)# G# @dg|.:# A/#
0C&+4>C(/1'+4#0")#D+-)")#/#C1C#",,"&1-C"#E-)1"#/B/41#("-$#"%8(+'#T0C8]1#)-$#("#1"$$/'4V:##
# *(-)'"-$)#)+-)@C&6/41'((+4)#T"41$"#m#"1#drVI#05"4B'$+4#mr#>#&6/&-4I#+41#C1C#&+4)1'1-C)#
/-#%+%"41#0"#(5-1'(')/1'+4#0")#D+-)")I#/,'4#0"#%")-$"$#("-$#6-%'0'1CI#("-$#1"4"-$#"4#&"40$")#"1#
(/# M-/41'1C# '4'1'/("# 05Wt;# &+41"4-"# 0/4)# (")# D+-)")# /-# %+%"41# 0"# ("-$# 0C8]1# T1")1)# 0"#
&+41$]("V:#="(+4#(")#C&6/41'((+4)I#(/#1"4"-$#"4#"/-#0")#D+-)")#$"8$C)"41/'1#"41$"#gd#G#gf#x#0-#
8+'0)# ,$/')# TgdIe# x# "4# %+F"44"V# T)C&6/>"# G# (5C1-B"# B"41'(C"# 8"40/41# oH# 6"-$")# G# (/#
1"%8C$/1-$"#0"#drr|.V:#A/#1"4"-$#"4#&"40$")#T,$/&1'+4#%'4C$/("V#C1/'1#0"#dd#G#dm#x#0-#8+'0)#
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)"&#0")#C&6/41'((+4)#TdoIq#x#"4#%+F"44"V#T8F$+(F)"#8"40/41#do#6#G#mrr#|.V:#A/#&+4&"41$/1'+4#
05Wt;#0/4)#(")#D+-)")#/-#%+%"41#0"#("-$#0C8]1#/#C1C#BC$','C"#T/4/(F)")#&6'%'M-")#)"(+4#("#
8$+1+&+("# 0C&$'1# &'@0"))+-)#n# B+'$# 8/$/>$/86"# o:f:qV:# *(-)# 1/$0I# /-# ,-$# "1# G# %")-$"# M-"# (")#
D+-)")# +41# C1C# $C&-8C$C")# )-$# ("# 1"$$/'4I# -4"# 8/$1'"# 05"41$"# "((")# +41# )"$B'# 8+-$#%")-$"$# (/#
&+4&"41$/1'+4#$C)'0-"(("#05Wt;#TD+-)")#8$+8$"%"41#0'1")#"1#)+(#)+-)@E/&"41V:#
 
2.3.5!Injection de l’IVM dans les fèces 
# 24#4+-)#/88-F/41#)-$#(")#B/("-$)#0"#(/#('11C$/1-$"I#1$+')#&+4&"41$/1'+4)#05Wt;#+41#C1C#
$"1"4-")#\#.d#Tde#>#Wt;:L>@d#0"#D+-)"I#8+'0)#,$/')VI#.o#Tder#>#Wt;:L>@d#0"#D+-)"I#8+'0)#
,$/')V# "1# .f# Tfgr# ># Wt;:L>@d# 0"# D+-)"I# 8+'0)# ,$/')V:# A/# &+4&"41$/1'+4#.o# &+$$")8+40# /-<#
B/("-$)# %+F"44")# 0-# 8'&# 05C('%'4/1'+4# 0"# (5Wt;# 0/4)# (")# D+-)")# /8$9)# 1$/'1"%"41# 0")#
/4'%/-<#Tb"$0I#deemn#A-%/$"1#"1#/(:I#orrhV:#.d#")1#-4"#B/("-$#M-'#&+$$")8+40#/-#0'<'9%"#0"#
(/#&+4&"41$/1'+4#.o#n#.f#&+$$")8+40#/-#0+-D("#0"#.o:#Z-#,/'1#0"#(/#,/'D("#)+(-D'('1C#0/4)#(5"/-#
0"#(5Wt;I#-4"#)+(-1'+4#%9$"#/#C1C#8$C8/$C"#"4#0'(-/41# (5Wt;#0/4)#0"#(5/&C1+4":#U4#B+(-%"#
&+44-#0"#(/#)+(-1'+4#05Wt;#/#C1C#"4)-'1"#)+'>4"-)"%"41#%C(/4>C"#G#-4"#M-/41'1C#&+44-"#0"#
D+-)"#M-'#/#C1C#"4)-'1"#0')8+)C"#)+-)#-4"#6+11"#/)8'$/41"# E-)M-5G# (5CB/8+$/1'+4#&+%8(91"#0-#
)+(B/41:#U4# i#&+41$]("# /&C1+4"#j# T1C%+'4# )+(B/41V# /# C1C# $C/(')C# "4#%C(/4>"/41# -4"# M-/41'1C#
CM-'B/("41"# 0"# D+-)"# /-# %7%"# B+(-%"# 05/&C1+4"# M-"# 8$C&C0"%%"41:# 24,'4I# 0"# (/# D+-)"#
&+41"4/41#4'#)+(B/41#4'#Wt;#/#C1C#-1'(')C"#&+%%"#1C%+'4:##
'
2.3.6!Procédure analytique de détermination de l’IVM dans les 
déjections du bétail et le sol sous-jacent 
# A")#C&6/41'((+4)#0"#%/1'9$"#,C&/("#+41#C1C#8$C("BC)#/B/41#)C&6/>"#G#(5C1-B"#8+-$#&6/M-"#
1$/'1"%"41#/8$9)# ("-$#6+%+>C4C')/1'+4#8/$#D$+F/>":#A+$)#0"# (/#&+(("&1"#0")#0CE"&1'+4)# /F/41#
)CE+-$4C# )-$# ("# 1"$$/'4# 8"40/41# $")8"&1'B"%"41# qI# e# "1# df# %+')# /8$9)# ("-$# 0C8]1I# 0")#
C&6/41'((+4)# 0"# )+(# +41# C1C# 8$C("BC)# Tm# &%# 0"# 0'/%91$"# "1# m# &%# 0"# 8$+,+40"-$V# )+-)# (")#
0CE"&1'+4)# $C)'0-"((")# /,'4# 05/4/(F)"$# (/# &+4&"41$/1'+4# "4# 'B"$%"&1'4":# A5"4)"%D("# 0"# &")#
C&6/41'((+4)# /# C1C# &+4)"$BC# G# @or|.# /B/41# 0571$"# "<8C0'C# "4# Q(("%/>4"# 8+-$# /4/(F)"#
TU4'B"$)'1C#0"#3'"))"4I#/4/(F)")#",,"&1-C")#8/$#;/4-"(#O+60"V:#
# Z")#)+(-1'+4)#)1/40/$0#0"#0+$/%"&1'4"#"1#05Wt;#+41#C1C#8$C8/$C")#8+-$# (5C1/(+44/>"#
0")# &+4&"41$/1'+4):# A/# 8$+&C0-$"# 05"<1$/&1'+4# 0"# &")#%+(C&-(")# G# 8/$1'$# 0")# C&6/41'((+4)# 0"#
D+-)"#)5")1# /88-FC"#)-$#-4"#%C16+0"#/0/81C"#"1# +81'%')C"#0C&$'1"#8/$#A'1)L/)#"1# /(:# TordrV:#
A")# /4/(F)")# +41# C1C# ,/'1")# )"(+4# ("# 8$+1+&+("# 0"# P"$"40)"4# "1# /(:# TorrhV:# Q8$9)# Hg# 6I# (/#
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0C1"$%'4/1'+4#0"#(5Wt;#/#C1C#,/'1"#8/$#&6$+%/1+>$/86'"#"4#86/)"#('M-'0"#G#6/-1"#8"$,+$%/4&"#
-1'(')/41# (/# 0C1"&1'+4# 8/$# ,(-+$'%C1$'"# 0")# 0C$'BC)# Tb*A.@NAZ\# b'>6# *"$,+$%/4&"# A'M-'0#
.6$+%/1+>$/86F#a'16#*+)1&+(-%4#N(-+$")&"4&"#Z"$'B/1'R/1'+4V:#A")#B/("-$)#0"# (/# ('%'1"#0"#
0C1"&1'+4# TA^ZV# "1# 0"# (/# ('%'1"# 0"# M-/41','&/1'+4# +41# C1C# 0C1"$%'4C")# /B"&# -4"#%C16+0"# 0"#
&/('D$/1'+4#D/)C"#)-$#(/#4+$%"#/(("%/40"#ZWS#foqHmTorrgV:#
 
2.3.7!Expérimentation sur le terrain 
2.3.7.1 Pour-on 
# Q8$9)#0C&+4>C(/1'+4#0"#1+-1")#(")#D+-)")#8$C("BC")#/-<#E+-$)#r#T1C%+'4VI#fI#hI#dH#"1#og#
/8$9)# ("# 1$/'1"%"41# 0")# /4'%/-<I# &"((")@&'# +41# C1C# 0C8+)C")# )'%-(1/4C%"41# )-$# ("# 1"$$/'4#
TD+-)")# &/('D$C")V# /,'4#05CB/(-"$# (")# ",,"1)# 0"# (5Wt;#)-$# (/#0'B"$)'1C#0"# (/# ,/-4"#&+8$+86'("#
T-1'(')/1'+4#0"#8'9>")#05C%"$>"4&"V:##
#
# Q-#&+-$)#0")#)"%/'4")#8$C&C0"41")I#&"41#8+1)#"4#8(/)1'M-"#T&/8/&'1C#0"#h#('1$")#n#om#&%#
0"# 6/-1I# dm# &%# 0"# 0'/%91$"V# /B/'"41# C1C# 8$C/(/D("%"41# "41"$$C)# 0/4)# ("# )+(# T("-$# $"D+$0#
/,,("-$/41#(/#)-$,/&"V#"1#$"%8(')#/B"&#("#)+(#"<&/BC#T)-D)1$/1#1/%')C#"1#6+%+>C4C')CV:#A")#8+1)#
C1/'"41#0')8+)C)#"4#('>4"I#0')1/41)#(")#-4)#0")#/-1$")#05/-#%+'4)#o#%91$"):#W()#+41#C1C#'4)1/((C)#
("#(+4>#0"#(/#&(]1-$"#0C('%'1/41# (/#8/$&"(("I#G#-4#%91$"#G#(5"<1C$'"-$#0"#&"(("@&'#0"#%/4'9$"#G#
CB'1"$#("-$#8'C1'4"%"41#8/$#("#DC1/'(#TN'>:#qV:#Q#(/#)-$,/&"#0-#)-D)1$/1#0"#&6/M-"#8+1I#"4B'$+4#
grr#>#0"#D+-)"#T8+'0)#,$/')V#+41#C1C#0C8+)C)#("#H#%/'#ordd#0"#%/4'9$"#G#)'%-("$#("#0C8]1#05-4"#
D+-)"# ,$/l&6"# Tq# &%#0"# 6/-1# "1# dm# &%#0"#0'/%91$"V:#.")#0C8]1)#+41# C1C# (/'))C)# ('D$")#0571$"#
&+(+4')C)#8/$#(")#'4)"&1")#8"40/41#-4"I#0"-<#+-#1$+')#)"%/'4")I#8-')#-4#0')8+)'1',#0"#8'9>"#G#
C%"$>"4&"# /# C1C# '4)1/((C# /-@0"))-)# 0"# &6/M-"# D+-)"# "1# 0-# 8+1# )+-)@E/&"41I# 0"# %/4'9$"# G#
&+(("&1"$#1+-)#(")#'4)"&1")#M-'#)"#)"$/'"41#0CB"(+88C)#0/4)#(/#D+-)"#TN'>:#hV:#Z'<#$C8('&/1)#8/$#
%+0/('1C#0"#1$/'1"%"41#TD+-)")#0")#E+-$)#r#T1C%+'4VI#fI#hI#dH#"1#ogV#+41#C1C#%')#"4#8(/&"#/8$9)#
(/# 8$"%'9$"# )"%/'4"# 0"# &+(+4')/1'+4I# 1/40')# M-"# m# 4+-B"/-<# $C8('&/1)# +41# C1C# 8$CB-)# 8+-$#
)-'B$"#(")#",,"1)#0"#0"-<#"1#1$+')#)"%/'4")#0"#&+(+4')/1'+4#0")#D+-)"):#Q8$9)#(/#%')"#"4#8(/&"#
0-# 0')8+)'1',I# (")# 8'9>")# G# C%"$>"4&"# +41# C1C# B')'1C)# 0"#%/4'9$"# 6"D0+%/0/'$"# "41$"#%/'# "1#
)"81"%D$"#ordd#0"#%/4'9$"#G#)-'B$"#(")#C%"$>"4&"):#Q#(/#,'4#0"#&"11"#8C$'+0"I#(")#8+1)#+41#C1C#
$"1'$C)# 0-# )+(# "1# ("-$# &+41"4-# T1"$$"# )+-)# (")# D+-)")# 0C8+)C")V# 1/%')C# /-# (/D+$/1+'$"# 8+-$#
&+(("&1"$#(")#'4B"$1CD$C)#M-'#45/-$/'"41#8/)#"4&+$"#C%"$>C#0-#)+(:#
#
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#
A)5(1&!S"!T)%+3%)0)-!%(1!,&!0&11')/!.&!,'!,)5/&!.&!+)95&%!N!$*&15&/2&;'
#
#
A)5(1&!U"!R)95&!N!$*&15&/2&!+3(1!23,,&20&1!,&%!)/%&20&%!%6$0'/0!.$J&,3++$%!.'/%!,&%!D3(%&%!&0!
,&!%3,!%3(%EP'2&/0;!
#
# Y+-)# (")# '4B"$1CD$C)# $C&+(1C)#+41#C1C# &+4)"$BC)#G# (5/(&++(# C16F('M-"# TemxV#/B/41# ("-$#
'0"41','&/1'+4:# A")# =&/$/DC'0")# +41# C1C# 0C1"$%'4C")# G# (5")89&"# )+-)# (+-8"# D'4+&-(/'$"# "4#
-1'(')/41# (")# +-B$/>")# 0"# Z"((/&/)/# Tdeggn# deemV# "1# P/$/-0# TdeeoV:# A")# )1/86F('4)# +41# C1C#
'0"41','C)#E-)M-5/-#>"4$"#8/$#;:#Y$+4M-"1#TY$+4M-"1I#orrdV#"1#)C8/$C)#"4)-'1"#"4#0"-<#&(/))")#
0"#1/'((":#A")#0'819$")#+41#C1C#1$'C)#/B"&#-4"#0C1"$%'4/1'+4#/-#4'B"/-#0"#(/#,/%'(("#8/$#O:U:#
P(/4&L"46+$4# T=-'))"V:# A")# 6F%C4+819$")# +41# C1C# 0C1"$%'4C)# 8/$# 3:# Z"(B/$"# T.WKQZI#
;+418"(('"$V:##
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2.3.7.1 Spiked 
# .+%%"#(+$)#0"#(5"<8C$'"4&"#0-#1$/'1"%"41#"4#*+-$@+4I#("#H#%/'#ordd#qr#D+-)")#+41#C1C#
0C8+)C")#)-$#("#1"$$/'4#T0C8]1)#)1/40/$0')C)#0"#grr#>#0"#D+-)"#T8+'0)#,$/')#n#q#&%#0"#6/-1#"1#dm#
&%#0"#0'/%91$"V:#K")8"&1'B"%"41#B'4>1#"1#0'<#$C8('&/1)#+41#C1C#$C/(')C)#\#B'4>1#D+-)")#1C%+'4)#
"1# 0'<# D+-)")# 8+-$# &6/&-4# (")# /-1$")# 1$/'1"%"41)# T1C%+'4# /&C1+4"I# .dI# .oI# .fV:# Z")# &/>")#
05C%"$>"4&")#+41#C1C#'4)1/((C")#-4"#)"%/'4"#/8$9)#(")#0C8]1)#8+-$#(/#%+'1'C#0")#1$/'1"%"41)#"1#
0"-<# )"%/'4")# /8$9)# 8+-$# (5/-1$"# %+'1'C:# U4"# &+(("&1"# 6"D0+%/0/'$"# 0")# '4)"&1")# /# C1C#
",,"&1-C"#"41$"#%/'#"1#)"81"%D$"#ordd#0"#%/4'9$"#G#)-'B$"#("-$#C%"$>"4&":#
# Y+-)#(")#'4B"$1CD$C)#)5C1/41#0CB"(+88C#0/4)#(")#D+-)")#"1#/F/41#C1C#'41"$&"81C)#0/4)#(")#
&/>")# 05C%"$>"4&"# +41# C1C# &+4)"$BC)# G# (5/(&++(# C16F('M-"# TemxV# /B/41# '0"41','&/1'+4:# A")#
)&/$/DC'0")#+41#C1C#0C1"$%'4C)#/-#4'B"/-#0"#(5")89&"#"4#-1'(')/41#(")#1$/B/-<#0"#P/$/-0#TdeeoV#
"1#Z"((/&/)/#Tdeggn#deemV:#Q8$9)#0C1"$%'4/1'+4#T4'B"/-#0"#(/#,/%'(("VI# (")#)1/86F('4)#+41#C1C#
)C8/$C)#"4#0"-<#&(/))")#0"#1/'((":#A")#0'819$")#+41#C1C#1$'C)#)"(+4#("-$#/88/$1"4/4&"#/-#>$+-8"#
0")#D$/&6F&9$")#+-#0")#4C%/1+&9$"):##
!
2.3.8!Analyses statistiques 
2.3.8.1 Résidus d’IVM 
U4"# 1$/4),+$%/1'+4# (+>/$'16%'M-"# T(+>/$'16%"# 4C8C$'"4\# ASV# /# C1C# /88('M-C"# /-<#
&+4&"41$/1'+4)#"4#'B"$%"&1'4":#*+-$#CB/(-"$#(/#0C>$/0/1'+4#0"#(5Wt;#0/4)#(")#D+-)")#/-#&+-$)#
0-#1"%8)#"4#,+4&1'+4#0"#(/#1"4"-$#'4'1'/("#0/4)#(")#D+-)")#/8$9)#("#1$/'1"%"41#0")#/4'%/-<I#-4"#
Q4/(F)"# 0"# B/$'/4&"# TQS^tQV# G# o# ,/&1"-$)# /# C1C# $C/(')C"# )-$# (")# &+4&"41$/1'+4)# 05Wt;#"4#
,+4&1'+4# 0"# (/# 0/1"# 0"# 8$C(9B"%"41# 0")# D+-)")# (/'))C")# )-$# ("# 1"$$/'4# "1# 0"# (/# &+4&"41$/1'+4#
'4'1'/("#0/4)#(")#D+-)")#/-#%+%"41#0"#("-$#&+(("&1"#/8$9)#("#1$/'1"%"41#0-#DC1/'(#TZ*QV:#
 
2.3.8.2 Pour-on et spiked 
24# $/')+4# 0"# (/# 4+4@4+$%/('1C# 0")# 0+44C")# "1# 0"# (/# 1/'(("# $")1$"'41"# 0")# C&6/41'((+4)#
Tdm#'40'B'0-)VI#0")#1")1)#4+4@8/$/%C1$'M-")#+41#C1C#-1'(')C):#*+-$#CB/(-"$#(5",,"1#0"#(5Wt;#)-$#
(/# 0'B"$)'1C# 0"# (/# &+%%-4/-1C# &+8$+86'("I# -4"# /4/(F)"# 0"# ?$-)L/(@O/((')# /# C1C# ",,"&1-C"#
T?OV#TC&6/41'((+4)#4+4#4+$%/-<VI#)-'B'"#8/$#0")#1")1)#0"#&+%8/$/')+4#4+4@8/$/%C1$'M-")#0"#
;/44@O6'14"F# T;OV# )-$# (")# /D+40/4&")# "1# (/# $'&6"))"# 1/<+4+%'M-"# "4# ,+4&1'+4# 0")#
0',,C$"41)#1$/'1"%"41):##
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*/$# /'(("-$)I# 8+-$# CB/(-"$# (5",,"1# 0"# (/# 0-$C"# 0"# &+(+4')/1'+4# )-$# (")# C%"$>"4&")I# (")#
'40'B'0-)#&+(("&1C)#+41#C1C# )C8/$C)#"4#D+-)'"$)I#%+-&6")#"1# )1/86F('4):#*+-$#&6/M-"#>$+-8"I#
-4"#/4/(F)"#0"#?$-)L/(@O/((')#T?OV#/#C1C#",,"&1-C"#)-$#(")#",,"&1',)#"4#,+4&1'+4#0"#(/#0-$C"#
0"#&+(+4')/1'+4:#A+$)M-5-4#",,"1#)'>4','&/1',#/#C1C#%')#"4#CB'0"4&"I#0")#&+%8/$/')+4)#%-(1'8(")#
4+4#8/$/%C1$'M-")#+41#C1C#$C/(')C")#/B"&#-4#1")1#0"#;/44@O6'14"F#T;OV:#####
# ## ## ##
2.4!Résultats 
 
2.4.1!Pour-on 
2.4.1.1 Résidus d’IVM 
Q8$9)#1$/'1"%"41#T*+-$@+4V#0")#/4'%/-<I#(")#8(-)#,+$1")#&+4&"41$/1'+4)#"4#Wt;#0/4)#(")#
D+-)")#,$/l&6")#+41#C1C#+D1"4-")#G#!f#Tf#Z*QV#ToIgHm#%>#Wt;:L>@dI#"4#8+'0)#)"&VI#/B"&#-4"#
&+4&"41$/1'+4#"4&+$"#C("BC"#G#h#Z*Q#ToIHgr#%># Wt;:L>@d#"4#8+'0)#)"&V:#Q8$9)#dH# E+-$)I# (/#
&+4&"41$/1'+4# &6-1"# 8+-$# /11"'40$"# -4"# B/("-$# H# ,+')# %+'4)# '%8+$1/41"# M-"# 8$C&C0"%%"41#
TrIqeo#%># Wt;:L>@d# "4# 8+'0)# )"&V:#Q#og# E+-$)# 8+)1@1$/'1"%"41I# (5Wt;#0/4)# (")# D+-)")# C1/'1#
"4&+$"# 0C1"&1/D("# TrIrHe# %># Wt;:L>@dI# "4# 8+'0)# )"&V:# A"# 8$+,'(# 05"<&$C1'+4# 0"# (5Wt;# "4#
,+4&1'+4#0-#1"%8)#&+$$")8+40#G#-4"#$C>$"))'+4#0"#1F8"#"<8+4"41'"(("#TKo##rIegV#TN'>:#gV:##
#
#
 
A)5(1&!V"!R13-),!.6&421$0)3/!.&!,6WXY!8Z[!01'/%-31*$&@!.'/%!,&%!D3(%&%!'(!23(1%!.(!0&*+%!'+19%!
,&!01')0&*&/0!.&%!'/)*'(4;!R3(1!27'I(&!01')0&*&/0<!.&(4!*&%(1&%!.&!,'!23/2&/01'0)3/!&/!WXY!
.'/%!,&%!&421$*&/0%!3/0!$0$!1$',)%$&%;!Z'!23/2&/01'0)3/!&/!WXY!.$213\0!%()J'/0!(/&!1$51&%%)3/!
,)/$')1&!%)5/)-)2'0)J&!8#
=!
]!><^V!_!+!]!=<=SLE>S@;!
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Jours post-traitement 
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A"#8$+,'(#05C('%'4/1'+4#0"#(5Wt;#0/4)#(")#D+-)")#0C8+)C")#)-$#("#1"$$/'4#")1#C>/("%"41#
0"# 1"40/4&"# "<8+4"41'"(("# 8+-$# (5"4)"%D("# 0")# 1$/'1"%"41)# TN'>:# eI# drV:# Z/4)# -4# 8$"%'"$#
1"%8)# +4# +D)"$B"# -4"# 0'%'4-1'+4# $/8'0"# 0"# (/# &+4&"41$/1'+4# 8+-$# (")# D+-)")# /F/41# (")# 8(-)#
,+$1")#1"4"-$)#'4'1'/(")#05Wt;##Tf#"1#h#Z*QVI#/B"&#-4"#0"%'@B'"#TZYmrV#")1'%C"#G#o#@#f#%+')#
)-'B'"# 05-4"# ("41"# 0'%'4-1'+4# /)F%81+1'M-":# *+-$# 1+-)# (")# 1$/'1"%"41)# G# (5"<&"81'+4# 0-# og#
Z*Q# TD+-)")# &+(("&1C")# og# E+-$)# /8$9)# ("# 1$/'1"%"41# 0")# /4'%/-<VI# (5Wt;# C1/'1# "4&+$"#
0C1"&1/D("#E-)M-5G#df#%+')#/8$9)#("#0C8]1#0")#D+-)")#)-$#("#1"$$/'4:#U4"#QS^tQ#G#o#,/&1"-$)#
%+41$"# (")#",,"1)#)'>4','&/1',)#0-# 1"%8)#0"#)CE+-$#)-$# ("# 1"$$/'4I#0-# 1$/'1"%"41# T&+4&"41$/1'+4#
'4'1'/("# 05Wt;V# "1# 0"# ("-$# '41"$/&1'+4# )-$# (/# &+4&"41$/1'+4# 05Wt;#0C1"&1C"# 0/4)# (")# D+-)")I#
'40'M-/41#0")#0'%'4-1'+4)#0"#(5Wt;#4+4#8/$/((9(")#"41$"#(")#0',,C$"41)#1$/'1"%"41)#TY/D("/-#oV:##
#
#
#
#
#
K'D,&'(!=!"!#$%(,0'0%!.&!,6`[aX`!N!=!-'20&(1%!%(1!,'!23/2&/01'0)3/!&/!WXY!.&%!D3(%&%!&/!
-3/20)3/!.(!01')0&*&/0!8b<!U<!H?!&0!=V!TR`@!&0!.(!0&*+%!8><!H<!=<!S<!^!&0!Hb!*3)%@;!
#
#
#
Source Somme des carrés DDL Carré moyen F Pr(>|t|) 
Traitement 21,43 3 7,14 156,6 <0,001 
Temps 8,63 5 1,73 37,87 <0,001 
Interaction 7,57 15 0,50 11,07 <0,001 
Résidu 4,97 109 0,05   
Total 44,44 132    
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'
A)5(1&!^"!T)%+'1)0)3/!.&!,6WXY!8Z[!01'/%-31*$&@!.'/%!,&%!D3(%&%!'(!23(1%!.(!0&*+%!
803(0&%!,&%!*&%(1&%@;!Z'!23/2&/01'0)3/!.6WXY!&%0!&/!31.3//$&!&0!,&%!*3)%!+'%%$%!%(1!,&!0&11')/!
&/!'D%2)%%&!8&/01&!*')!=>HH!&0!P()/!=>H=@;!Z&%!$27'/0),,3/%!3/0!$0$!23,,&20$%!N!Q!.'0&%!
.)--$1&/0&%!+3(1!27'I(&!01')0&*&/0;!
 
 
A)5(1&!H>"!T)%+'1)0)3/!.&!,6WXY!8Z[!01'/%-31*$&@!.'/%!,&%!D3(%&%!'(!23(1%!.(!0&*+%!8J',&(1%!
*3C&//&%@;!Z'!23/2&/01'0)3/!.6WXY!&%0!&/!31.3//$&!&0!,&%!*3)%!+'%%$%!%(1!,&!0&11')/!&/!
'D%2)%%&!8&/01&!*')!=>HH!&0!P()/!=>H=@;!Z&%!$27'/0),,3/%!3/0!$0$!23,,&20$%!N!Q!.'0&%!.)--$1&/0&%!
+3(1!27'I(&!01')0&*&/0;!Z'!23(1D&!2311&%+3/.!N!,'!1$51&%%)3/!,)/$')1&!1$',)%$&!+3(1!,&!
01')0&*&/0!b!TR`!8#
=
!]!><V?!_!+!]!><>H>@;!
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A5/4/(F)"#0")#$C)'0-)#0/4)# ("#)+(#)+-)# (")#D+-)")#0C8+)C")# )-$# ("# 1"$$/'4#%+41$"#M-"#
0")#M-/41'1C)#0C1"&1/D(")I#%7%"#,/'D(")I#8"-B"41#"4&+$"#)"#$"1$+-B"$#0/4)#("#)+(#/-@0"(G#05-4#
/4#TN'>:#ddV:#
#
!
A)5(1&!HH"!T)%+'1)0)3/!&/!-3/20)3/!.(!0&*+%!.&!,6WXY!8Z[!01'/%-31*$&@!.'/%!,&!%3,!%3(%!,&%!
D3(%&%!803(0&%!,&%!*&%(1&%@;!Z'!23/2&/01'0)3/!.6WXY!&%0!&/!31.3//$&!&0!,&%!*3)%!+'%%$%!%(1!,&!
0&11')/!&/!'D%2)%%&!8&/01&!*')!=>HH!&0!P()/!=>H=@;!Z&%!$27'/0),,3/%!3/0!$0$!23,,&20$%!N!b!.'0&%!
.)--$1&/0&%!8S<!^!&0!Hb!*3)%!'+19%!,&!.$+c0!%(1!,&!0&11')/@!+3(1!,&%!=!01')0&*&/0%!2311&%+3/.'/0!
'(4!23/2&/01'0)3/%!)/)0)',&%!,&%!+,(%!$,&J$&%!8Tdb!&0!TdU!+3%0E01')0&*&/0@;!
'
2.4.1.2 Structure : Effets sur les bousiers 
# Q#8/$1'$#0")#D+-)")#(/'))C")#('D$")#0571$"#&+(+4')C")#8/$#(")#'4)"&1")#8"40/41#-4"#)"-("#
)"%/'4"I# mo# '40'B'0-)# '))-)# 0"# 8+41")# +41# C%"$>C# /-# 1+1/(:# A")# $C)-(1/1)# 0")# 0"-<# "1# 1$+')#
)"%/'4")#0"#&+(+4')/1'+4#4"#)+41#8/)#8$C)"41C)#"4#$/')+4#0-#1$9)#,/'D("#4+%D$"#05C%"$>"4&"):#
A")#'40'B'0-)#)"#$C8/$1'))"41#"4#0"-<#,/%'((")I#&"(("#0")#Q86+0''0/"#TC/6%+(&'!8(:#09)(&'#TA:VI#
F0%/6%)&'!69#:%))6%(+9-('# TA:VI#M:9+&'!;&9+)(D&0090&'# Tb"$D)1VV#"1#&"(("#0")#=&/$/D/"'0/"#
TN9,,%$(&'! ',6)#$#)(# TA:VI# F406%/69D&'! ?9,,9# TA:VV:# P'"4# M-5/-&-4# ",,"1# )'>4','&/1',# 0-#
1$/'1"%"41#45/#C1C#%')#"4#CB'0"4&"#)1/1')1'M-"%"41# T?O\#bmIhg#n#8##rIdrmVI#+4#/#+D)"$BC#
&"8"40/41#M-"#("#4+%D$"#05C%"$>"4&")#C1/'1#8(-)#,/'D("#0/4)#(")#D+-)")#&+(("&1C")#G#f#Z*Q#
M-"#0/4)#(")#D+-)")#1C%+'4)#"1#0/4)#&"((")#&+(("&1C")#G#og#Z*Q#T;O\#8##rIrHr#n#8##rIrooI#
$")8"&1'B"%"41V# TN'>:# doV:#*(-)# 05'40'B'0-)# +41# C%"$>C# 0")# D+-)")# 1C%+'4)# "4# &+%8/$/')+4#
/B"&#1+-)#(")#/-1$")#1$/'1"%"41):#
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A)5(1&!H="![3*D1&!.&!D3(%)&1%!$*&15&'/0!.&!27'I(&!D3(%&!&/!-3/20)3/!.(!01')0&*&/0!8P3(1%E
+3%0E01')0&*&/0!!&0!23/2&/01'0)3/%!2311&%+3/.'/0&%!.6WXY@!+3(1!(/&!%&*')/&!.&!23,3/)%'0)3/;!
Z'!23/2&/01'0)3/!&/!WXY!&%0!&4+1)*$&!&/!*5;e5
EH
!.&!+3).%!%&2;!
!
2.4.1.3 Structure : Effets sur les diptères 
# ="(+4# (")# C&6/41'((+4)I# (")# D+-)")# +41# C1C# (/'))C")# ('D$")# 0571$"# &+(+4')C")# 8/$# (")#
0'819$")#)-$#("#1"$$/'4#8"40/41#dI#o#+-#f#)"%/'4")I#/B/41#(5'4)1/((/1'+4#0")#&/>")#05C%"$>"4&"#
"1#("#$"&-"'(#0")#'40'B'0-)#'))-)#0")#8+41"):##
# Z/4)# ("# &/)# 05-4"# &+(+4')/1'+4# 8"40/41# -4"# )"-("# )"%/'4"I# fqgo# '40'B'0-)# +41# C1C#
$"&-"'((')#/-# 1+1/(#0/4)#mr#&/>")#05C%"$>"4&"# T&+$$")8+40/41#G#m# 1$/'1"%"41)##dr# $C8('&/1)I#
)+'1# mr# D+-)")# 0C8+)C")VI# $C8/$1')# "4# q# ,/%'((")# 0"#SC%/1+&9$")# TdhHd# '40'B'0-)V# "1# do# 0"#
P$/&6F&9$")# TdeHd# '40'B'0-)V:#A/#8$C)"4&"#05Wt;#0/4)# (")#D+-)")#/#"-#-4#",,"1# )'>4','&/1',#
)-$# (5C%"$>"4&"# 0")# D$/&6F&9$")# T?O\# b# # ddIdd#n# 8# # rIromV:# ='>4','&/1'B"%"41# 8(-)#
05'40'B'0-)#+41#C1C#&+(("&1C)#0/4)# (")#D+-)")# 1C%+'4)# T8/)#05Wt;V#"4#&+%8/$/')+4#/B"&# (")#
C%"$>"4&")# +D1"4-")# G# fI# h# "1# dH# Z*Q# T;O\# 8# # rIrfg#n# 8# # rIrrm#n# 8# # rIrddI#
$")8"&1'B"%"41V#TN'>:#dfV:#
#
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Concentrations en IVM (mg.kg-1 ps) et traitements 
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#
A)5(1&!Hb"![3*D1&!.&!.)+091&%!D1'27C291&%!$*&15&'/0!.&!27'I(&!D3(%&!&/!-3/20)3/!.(!
01')0&*&/0!8P3(1%E+3%0E01')0&*&/0!!&0!23/2&/01'0)3/%!2311&%+3/.'/0&%!.6WXY@!+3(1!(/&!%&*')/&!
.&!23,3/)%'0)3/;!Z'!23/2&/01'0)3/!&/!WXY!&%0!&4+1)*$&!&/!*5!WXY;e5
EH
!D3(%&<!&/!+3).%!%&2;!
# U4"# &+(+4')/1'+4# 0")# D+-)")# 8"40/41# 0"-<# )"%/'4")# /# 8"$%')# 0"# $"&-"'(('$# dmHe#
0'819$")#/-#1+1/(#G#8/$1'$#0"#om#&/>")#05C%"$>"4&"#Tm#1$/'1"%"41)##m#$C8('&/1)I#)+'1#om#D+-)")#
0C8+)C")V#\# ggq# D$/&6F&9$")# "1# qqf# 4C%/1+&9$"):# AG# /-))'# (5",,"1# 0-# 1$/'1"%"41# )5")1# $CBC(C#
)'>4','&/1',# T?O\#b# # eIhmh#n# 8# # rIrHmVI# /B"&# 8(-)# 05C%"$>"4&")# 0"# D$/&6F&9$")# 0/4)# (")#
1C%+'4)#8/$#$/88+$1#G#1+-)#(")#/-1$")#1$/'1"%"41)#G#(5"<&"81'+4#0"#dH#Z*Q#T;O\#8##rIrfq#n#8#
#rIrdo#n#8##rIrfq#8+-$#f#Z*QI#h#Z*Q#"1#og#Z*QI#$")8"&1'B"%"41V#TN'>:#dHV:#
#
A)5(1&!H?"![3*D1&!.&!.)+091&%!D1'27C291&%!$*&15&'/0!.&!27'I(&!D3(%&!&/!-3/20)3/!.(!
01')0&*&/0!8P3(1%E+3%0E01')0&*&/0!!&0!23/2&/01'0)3/%!2311&%+3/.'/0&%!.6WXY@!+3(1!.&(4!
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#
# A+$)M-"#(")#D+-)")#+41#C1C#('D$")#0571$"#&+(+4')C")#8"40/41#1$+')#)"%/'4")#&+4)C&-1'B")#
/B/41# 05'4)1/(("$# ("# 0')8+)'1',# 05C%"$>"4&"I# /-# 1+1/(# fgo# 0'819$")# TohH# D$/&6F&9$")# "1# drg#
4C%/1+&9$")V#+41#C1C#$"&-"'((')#G#8/$1'$#0")#8+41")#0/4)#om#D+-)")#Tm#1$/'1"%"41)##m#$C8('&/1)I#
)+'1#om#D+-)")#0C8+)C")V:#P'"4#M-"#8(-)#05'40'B'0-)#/'"41#C%"$>C#0")#D+-)")#1C%+'4)I#/-&-4#
",,"1#)'>4','&/1',#('C#G#(/#8$C)"4&"#05Wt;#45/#C1C#%')#"4#CB'0"4&"#TN'>:#dmV:#
#
#
 
A)5(1&!HQ"![3*D1&!.&!.)+091&%!D1'27C291&%!$*&15&'/0!.&!27'I(&!D3(%&!&/!-3/20)3/!.(!
01')0&*&/0!8P3(1%E+3%0E01')0&*&/0!!&0!23/2&/01'0)3/%!2311&%+3/.'/0&%!.6WXY@!+3(1!013)%!
%&*')/&%!.&!23,3/)%'0)3/;Z'!23/2&/01'0)3/!&/!WXY!&%0!&4+1)*$&!&/!*5!WXY;e5
EH
!D3(%&<!&/!
+3).%!%&2;!
#
# U4"#/4/(F)"#,'4"#0")#C%"$>"4&")#0"#0'819$")#'))-")#0")#0C8]1)#('D$")#0571$"#&+(+4')C)#
8"40/41#-4"#)"-("#)"%/'4"#%+41$"#M-"#(")#="8)'0/"#45+41#C1C#+D1"4-)#M-5G#8/$1'$#0")#D+-)")#
1C%+'4)#4"#&+41"4/41#8/)#05Wt;#T?O\#b##deIrq#n#8##rIrrdV#TN'>:#dq/V:#A")#C%"$>"4&")#0"#
=86/"$+&C$'0")# +41# C>/("%"41# C1C# )'>4','&/1'B"%"41# /,,"&1C")# 8/$# (")# 1$/'1"%"41)# T?O\#b##
dgIHh#n#8##rIrrdVI#/B"&#)'>4','&/1'B"%"41#8(-)#05'40'B'0-)#To#G#f#,+')#8(-)V#0/4)#(")#1C%+'4)#
8/$#$/88+$1#/-<#D+-)")#8$C("BC")#fI#h#"1#dH#E+-$)#/8$9)#("#1$/'1"%"41#0")#/4'%/-<#T;O\#8##
rIrrd#n#8##rIrrd#n#8##rIrom#8+-$#f#Z*QI#h#Z*Q#"1#dH#Z*QI#$")8"&1'B"%"41V#TN'>:#dqDV:##
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#
!
A)5(1&!HS"![3*D1&!.&!.)+091&%!'@!O&+%).'&!&0!D@!O+7'&132&1).'&!)%%(%!.&%!2'5&%!.6$*&15&/2&!
)/%0',,$&%!%(1!,&%!D3(%&%!,)D1&%!.6F01&!23,3/)%$&%!+&/.'/0!(/&!%&*')/&;!Z'!23/2&/01'0)3/!&/!
WXY!&%0!&4+1)*$&!&/!*5!WXY;e5
EH
!!.&!+3).%!%&2;!
#
# A"# 4+%D$"# 0"# ,/%'((")# 0"# 0'819$")# /# C1C# C>/("%"41# )'>4','&/1'B"%"41# /,,"&1C# 8/$# (/#
8$C)"4&"# 05Wt;# 0/4)# (")# D+-)")# T?O\# b# # dfIgf#n# 8# # rIrrqV# TN'>:# dh/V:# ='# &6"R# (")#
4C%/1+&9$")#("#4+%D$"#0"#,/%'((")#45/#8/)#B/$'C#8/$#$/88+$1#/-#1C%+'4I#8/$#&+41$"# &"(-'#0")#
D$/&6F&9$")#/#0'%'4-C#"4#8$C)"4&"#05Wt;#T;O\#8##rIrre#n#8##rIrrd#n#8##rIrrd#n#8##rIrrq#
8+-$#f#Z*QI#h#Z*QI#dH#Z*Q#"1#og#Z*QI#$")8"&1'B"%"41V#TN'>:#dhDV:#A5'40'&"#0"#0'B"$)'1C#0"#
=6/44+4@O"/B"$I#&/(&-(C#)-$#(")#,/%'((")#0"#D$/&6F&9$")I#%"1#"4#CB'0"4&"#(5",,"1#0"#(5Wt;I#
"4#8/$1'&-('"$#8+-$#(")#0C8]1)#0")#E+-$)#f#"1#h#Z*Q#TN'>:#dgV:#
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#
 
 
 
A)5(1&!HU"![3*D1&!030',!.&!-'*),,&%!.&!'@!.)+091&%!8D1'27C291&%!d!/$*'03291&%@!&0!.&!D@!
D1'27C291&%!%&(,%!1&2(&),,)%!.'/%!,&%!2'5&%!.6$*&15&/2&!.)%+3%$&%!'(E.&%%(%!.&%!D3(%&%!
80$*3)/%!&0!23/0&/'/0!.&!,6WXY@!,)D1&*&/0!23,3/)%$&%!+&/.'/0!(/&!%&*')/&;!Z'!23/2&/01'0)3/!
&/!WXY!&%0!&4+1)*$&!&/!*5!WXY;e5
EH
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A)5(1&!HV"!W/.)2&!.&!O7'//3/Ef&'J&1!&0!LI()0'D),)0$!2',2(,$%!%(1!,&!/3*D1&!&0!,'!.)%01)D(0)3/!
.&%!1&+1$%&/0'/0%!.&%!-'*),,&%!.&!:1'27C291&%!)%%(%!.&%!D3(%&%!80$*3)/%!&0!01')0&*&/0%@!
,')%%$&%!,)D1&%!.6F01&!23,3/)%$&%!+&/.'/0!(/&!%&*')/&!%(1!,&!0&11')/;!Z'!0&/&(1!.&%!D3(%&%!&/!
WXY!&%0!&4+1)*$&!&/!*5!WXY;e5
EH
!!.&!D3(%&!8+3).%!%&2@;!
!
2.4.1.4 Structure : effets sur les Staphylins 
# A")# )1/86F('4)#+41# C1C# '0"41','C)# E-)M-5/-#4'B"/-# 0"# (5")89&"#8+-$# (")#0"-<#8$"%'"$)#
$C8('&/1)#0"#&6/M-"#1$/'1"%"41#Tdr#D+-)")V#"1#0C4+%D$C)#8+-$#(5"4)"%D("#0")#0CE"&1'+4):#A")#
'40'B'0-)#+41#C1C#)C8/$C)#"4#0"-<#&(/))")#0"# 1/'((":#*/$%'# (")#8(-)#8"1'1")#")89&")I# (/#8(-8/$1#
&+$$")8+40"41#G#0")#8/$/)'1")#0"#0'819$")# 1/40')#M-"# (")#8(-)#>$+))")# C1/'"41#"))"41'"(("%"41#
0")# 8$C0/1"-$)# +88+$1-4')1"):# Y$9)# 8"-# 0"# >$+)# )1/86F('4)# +41# C1C# $"&-"'((')# 0/4)# (")# &/>")#
05C%"$>"4&"I# $C8/$1')# "4# )"81# >"4$")# 0+41# M-/1$"# TF406%-#'0#'! T3/4>(D/-"$VI# FGE/%+9#
T;/446VI#36(-%406&'#T=1"86"4)V#"1#O9406%-(4&'#TZ"E"/4VV#&+$$")8+40"41#G#0")#")89&")#/11'$C")#
Tm#")89&")V#8/$# (")#0CE"&1'+4)#/4'%/("):#A")#8(-)#8"1'1)#)1/86F('4)#C1/'"41# $"8$C)"41C)#8/$#dH#
")89&")#$C8/$1'")#"4#e#>"4$")I#8/$%'#(")M-"((")#dd#")89&")#T/88/$1"4/41#/-<#>"4$")#C,)%0%49#
TY6+%)+4VI#C4%0E-&'# TY6+%)+4VI#C06#09!PL6%:'%4QI#I%4%0%:9# Tb"$D)1VI#L(4%0&'# T=6/$8V#"1#
L)(,6(&'9#T./)"FVV#)+41#&+44-")#8+-$#/88/$1"4'$#/-<#&+%%-4/-1C)#&+8$+86'("):##
# A")# D+-)")# (/'))C")# ('D$")# 0571$"# &+(+4')C")# 8"40/41# -4"# )"%/'4"# +41# 8"$%')# 0"#
&+(("&1"$#/-#1+1/(#dgg#)1/86F('4)#0/4)#(")#mr#&/>")#05C%"$>"4&"#%')")#"4#8(/&"#Tm#1$/'1"%"41)#
#dr#$C8('&/1)I#)+'1#mr#D+-)")#0C8+)C")V:#P'"4#M-5-4#4+%D$"#8(-)#'%8+$1/41#05'40'B'0-)#/'1#C1C#
+D1"4-#G#8/$1'$#0")#D+-)")#4"#&+41"4/41#8/)#05Wt;#T1C%+'4)VI#(5",,"1#>(+D/(#0-#1$/'1"%"41#4"#
)5")1#8/)#$CBC(C#)'>4','&/1',#T?O\#b##HIqfd#n#8##rIfdmV:#."8"40/41#(")#D+-)")#&+$$")8+40/41#
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G#&"((")#8$C("BC")#G#!f#8+)1@1$/'1"%"41#+41#,+-$4'#)'>4','&/1'B"%"41#%+'4)#0"#)1/86F('4)#M-"#
(")#D+-)")#1C%+'4)#T;O\#8##rIrHhV#TN'>:#deV:##
#
#
A)5(1&!H^"![3*D1&!.&!%0'+7C,)/%!3D0&/(%!N!+'10)1!.&%!D3(%&%!23/0&/'/0!(/&!I('/0)0$!23//(&!
.6WXY!+3(1!(/&!%&*')/&!.&!23,3/)%'0)3/;!Z'!23/2&/01'0)3/!&/!WXY!&%0!&4+1)*$&!&/!*5!WXY;e5
EH
!
.&!D3(%&!8&/!+3).%!%&2@;!
#
# Q# 8/$1'$# 0")# D+-)")# Tom# D+-)")V# &+(+4')C")# ('D$"%"41# 8"40/41# 0"-<# )"%/'4")I# +4# /#
+D1"4-# /-# 1+1/(# (5C%"$>"4&"# 0"# dmr# )1/86F('4)# Tm# 1$/'1"%"41)# # m# $C8('&/1)I# )+'1# om# D+-)")#
0C8+)C")# )'%-(1/4C%"41V:# A/# 8$C)"4&"# 05Wt;# /# )'>4','&/1'B"%"41# /,,"&1C# ("# 4+%D$"#
05C%"$>"4&")# T?O\# b# # dfIhq#n# 8# # rIrrhV:# *(-)# 05'40'B'0-)# +41# C1C# +D1"4-)# G# 8/$1'$# 0")#
D+-)")# 1C%+'4)# "4# &+%8/$/')+4# /B"&# (")# D+-)")# $"&-"'(('")# h# "1# dH# E+-$)# 8+)1@1$/'1"%"41#
TZ*QV#T;O\#8#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#
A)5(1&!=>"![3*D1&!.&!%0'+7C,)/%!3D0&/(%!N!+'10)1!.&%!D3(%&%!23/0&/'/0!(/&!I('/0)0$!23//(&!
.6WXY!+3(1!.&(4!%&*')/&%!.&!23,3/)%'0)3/;!Z'!23/2&/01'0)3/!&/!WXY!&%0!&4+1)*$&!&/!*5!
WXY;e5
EH
!.&!D3(%&!8&/!+3).%!%&2@;!
#
# Z/4)# ("# &/)# 0"# 1$+')# )"%/'4")# 0"# &+(+4')/1'+4# ('D$"# /B/41# (5'4)1/((/1'+4# 0")# &/>")I#
)"-("%"41#Hf#)1/86F('4)#+41#C1C#+D1"4-)#/-#1+1/(#G#8/$1'$#0"#om#D+-)")#0C8+)C")#Tm#1$/'1"%"41)#
# m# $C8('&/1)I# )+'1# om# D+-)")V:# Q-&-4# ",,"1# )'>4','&/1',# 0")# 1$/'1"%"41)# 45/# 8-# 71$"# %')# "4#
CB'0"4&"#%/(>$C#-4"#1"40/4&"#G#&"#M-"#8(-)#05'40'B'0-)#C%"$>"41#G#8/$1'$#0")#D+-)")#1C%+'4)#
T?O\#b##oIHqd#n#8##rImoqV#TN'>:#odV:''#
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A)5(1&!=H"![3*D1&!.&!%0'+7C,)/%!3D0&/(%!N!+'10)1!.&%!D3(%&%!23/0&/'/0!(/&!I('/0)0$!23//(&!
.6WXY!+3(1!013)%!%&*')/&%!.&!23,3/)%'0)3/;!Z'!23/2&/01'0)3/!&/!WXY!&%0!&4+1)*$&!&/!*5!
WXY;e5
EH
!.&!D3(%&!8&/!+3).%!%&2@;!
!
2.4.1.5 Structure : effets sur les Hyménoptères parasitoïdes 
# *+-$#(")#6F%C4+819$")I#)"-()#(")#$C)-(1/1)#8$+B"4/41#05-4"#)"%/'4"#0"#&+(+4')/1'+4#+41#
C1C# "<8(+'1C):# Q8$9)# -4"# &+(+4')/1'+4# ('D$"# 0")# D+-)")# 8"40/41# (/# 8$"%'9$"# )"%/'4"I# +4# /#
+D1"4-#(5C%"$>"4&"#0"#%'&$+@6F%C4+819$")#$C8/$1')#"4#dg#,/%'((")#T0"-<#$C8('&/1)#0"#&6/M-"#
1$/'1"%"41I# )+'1# dr# D+-)")V:# A")# *1"$+%/('0/"# T8/$/)'1+s0")# 0")# 0'819$")V# C1/'"41#
8/$1'&-('9$"%"41#D'"4#$"8$C)"41C)I#/B"&#0"-<#>"4$")#1$9)#'41C$"))/41)#\#>"4$"#39,6E,)#/%(+#&'#
T)+-)@,/%'(("#*1"$+%/('4/"V#"1#>"4$"#B/9-94D(9!T=8/(/4>''4/"V:#S+-)#/B+4)#8$'B'(C>'C#("#>"4$"#
B/9-94D(9#&/$#&"$1/'4")#")89&")#M-'# (-'#)+41# $/11/&6C")#)+41#-1'(')C")#"4# (-11"#D'+(+>'M-":#Q-#
1+1/(I# G# 8/$1'$# 0"# mr# D+-)")I# +4# /# $"&-"'(('# hH# '40'B'0-)# /88/$1"4/41# /-# >"4$"# B/9-94D(9! Tm#
1$/'1"%"41)# # dr# $C8('&/1)I# )+'1# mr# D+-)")# 0C8+)C")# )'%-(1/4C%"41VI# %+41$/41# -4# ",,"1#
)'>4','&/1',#0-#1$/'1"%"41#T?O\#b##drIhf#n#8##rIrdeV:#*(-)#05'40'B'0-)##+41#)'>4','&/1'B"%"41#
C%"$>C#0")#D+-)")#1C%+'4)#"4#&+%8/$/')+4#/B"&#(")#C%"$>"4&")#'))-")#0")#/-1$")#D+-)")I#"4#
8/$1'&-('"$#(")#D+-)")#Zh#8+)1@1$/'1"%"41#T;O\#8##rIrrHV#TN'>:#ooV:##
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A)5(1&!=="![3*D1&!.6)/.)J).(%!.(!5&/1&!Spalangia!)%%(%!.&%!D3(%&%!0$*3)/%!823/013,@!&0!.&%!
D3(%&%!23/0&/'/0!.&!,6WXY!,')%%$&%!,)D1&%!.6F01&!23,3/)%$&%!.(1'/0!,'!+1&*)91&!%&*')/&!%()J'/0!
,&(1!.$+c0!%(1!,&!0&11')/;!Z'!23/2&/01'0)3/!&/!WXY!&%0!&4+1)*$&!&/!*5!WXY;e5
EH
!.&!D3(%&!8+3).%!
%&2@;!
2.4.2!Spiked 
 
2.4.2.1 Résidus d’IVM 
# ;/(>$C#(")#'%8+$1/41")#M-/41'1C)#0"#D+-)"#M-5'(#/#,/((-#%/4'8-("$#"1#D$/))"$I#/B"&#-4"#
1"4"-$#"4#"/-#0"#goxI#'(#/88/$/'1#M-"#("#D$/))/>"#/#C1C#,/'1#&+$$"&1"%"41#T6+%+>C4C'1C#0"#(/#
8`1"V#&/$#8+-$#&6/M-"#%+0/('1C#.dI#.o#"1#.f#(")#%")-$")#-(1C$'"-$")#0"#&+4&"41$/1'+4)#05Wt;#
0/4)#(")#D+-)")#,$/'&6")#C1/'"41#&+4,+$%")#G#&"#M-'#C1/'1#8$CB-#'4'1'/("%"41:#A/#&+4&"41$/1'+4#
%+F"44"#05Wt;#0/4)# (")#D+-)")# T8+'0)# )"&V#C1/'1#0"# rIdrh#%># Wt;:L>@d#D+-)"I#drIrfe#%>#
Wt;:L>@d#"1#oIdfH#%>#Wt;:L>@d#$")8"&1'B"%"41#8+-$#.dI#.o#"1#.f:##
# A5C('%'4/1'+4#"4#,+4&1'+4#0-#1"%8)#0"#(5Wt;#0/4)#(")#D+-)")#0C8+)C")#)-$#("#1"$$/'4#
)-'1#-4"#&+-$D"#0"#1F8"# (+>/$'16%'M-"I#/B"&#0/4)#-4"#8$"%'9$"#86/)"#-4"#0'%'4-1'+4#$/8'0"#
0"# (/# &+4&"41$/1'+4# )-'B'"# 05-4"# D/'))"# /)F%81+1'M-"# TN'>:# ofV:# A/# ZYmr# 8+-$# (")# 0"-<#
&+4&"41$/1'+4)#(")#8(-)#C("BC")#T.o#"1#.fV#/#C1C#/11"'41"#"41$"#d#"1#o#%+')#/8$9)#("#0C8]1#0")#
D+-)"):#A/#0C&$+'))/4&"#")1#"4)-'1"#("41"#M-"(("#M-"#)+'1#(/#&+4&"41$/1'+4#'4'1'/("#"1#(/#8$C)"4&"#
05Wt;#0/4)#(")#D+-)")#C1/'1#"4&+$"#0C1"&1/D("#df#%+')#/8$9)#("-$#0C8]1#'4'1'/(:##
# Z/4)# ("# )+(# )+-)# (")# D+-)")I# (/# 8$C)"4&"# 05Wt;# C1/'1# C>/("%"41# "4&+$"# 0C1"&1/D("#
T&+4&"41$/1'+4)#,/'D(")V#df#%+')#/8$9)#("-$#0C8]1#TN'>:#oHV:#
'
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'
A)5(1&!=b"!B3/2&/01'0)3/%!.6WXY!.&%!D3(%&%!&/!-3/20)3/!.(!0&*+%!+'%%$!%(1!,&!0&11')/!8.&!*')!
=>HH!N!P()/!=>H=@;!Z&%!D3(%&%!3/0!$0$!23,,&20$&%!N!Q!1&+1)%&%!+3(1!27'I(&!*3.',)0$!.&!
01')0&*&/0!&0!,&%!$27'/0),,3/%!3/0!$0$!'/',C%$%!27)*)I(&*&/0!+3(1!C!*&%(1&1!,'!23/2&/01'0)3/!
&/!WXY;!BH<!B=!&0!Bb!2311&%+3/.&/0!'(4!.)--$1&/0&%!23/2&/01'0)3/%!)/)0)',&%!&/!)J&1*&20)/&!
)/P&20$&%!.'/%!,&%!D3(%&%;!!
'
'
A)5(1&!=?"!B3/2&/01'0)3/%!.6WXY!.'/%!,&!%3,!%)0($!)**$.)'0&*&/0!%3(%!,&%!D3(%&%!&/!-3/20)3/!
.(!0&*+%!+'%%$!%(1!,&!0&11')/!8.&!*')!=>HH!N!P()/!=>H=@;!Z&%!$27'/0),,3/%!.&!%3,!3/0!$0$!
23,,&20$%!N!=!.'0&%!+3(1!27'I(&!*3.',)0$!.&!01')0&*&/0!&0!3/0!$0$!'/',C%$%!27)*)I(&*&/0!+3(1!
*&%(1&1!,'!23/2&/01'0)3/!&/!WXY;!BH<!B=!&0!Bb!2311&%+3/.&/0!'(4!.)--$1&/0&%!23/2&/01'0)3/%!
)/)0)',&%!&/!)J&1*&20)/&!)/P&20$&%!.'/%!,&%!D3(%&%;!
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2.4.2.2 Structure : effets sur les diptères  
# =-'B/41# ("# 8$+1+&+("I# (")# D+-)")# 0C8+)C")# )-$# ("# 1"$$/'4# +41# C1C# ('D$"%"41# &+(+4')C")#
8"40/41#-4"#+-#0"-<#)"%/'4"):#Q#(5'))-"#(5-4"#+-#(5/-1$"#0"#&")#0"-<#8C$'+0")I#0")#8'9>")#G#
C%"$>"4&"#+41#C1C#0')8+)C)#/-@0"))-)#0")#D+-)")#8+-$#&+(("&1"$# (")# '4)"&1")#M-'#)5F#)"$/'"41#
0CB"(+88C:##
# Z/4)#("#&/)#05-4"#)"-("#)"%/'4"#0"#&+(+4')/1'+4I#+4#/#$"&-"'(('#dggh#0'819$")#/-#1+1/(#
Tggf#4C%/1+&9$")#"1#drrH#D$/&6F&9$")V#'))-)#0"#fr#D+-)")#Tdr#D+-)")#1C%+'4##m#D+-)")#8+-$#
&6/&-4"#0")#H#%+0/('1C)#$"1"4-")#1C%+'4#/&C1+4"I#.dI#.o#"1#.fI#)+'1#fr#D+-)")#0C8+)C")V:#
A5/4/(F)"#%+41$"#-4#",,"1#)'>4','&/1',#0-# 1$/'1"%"41#)-$# (5C%"$>"4&"#0")#0'819$")# T?O\#b##
doIfm#n#8##rIrdmV#TN'>:#om/V:#."1#",,"1#>(+D/(#)-$#(")#0'819$")#")1#0k#G#-4#",,"1#1$9)#)'>4','&/1',#
)-$#(")#D$/&6F&9$")#T?O\#b##dqIeq#n#8##rIrroVI#&+41$/'$"%"41#/-<#4C%/1+&9$")#TN'>:#omDV:#
A5'%8/&1# ("# 8(-)# '%8+$1/41# 0"# (5Wt;# )-$# (5C%"$>"4&"# 0")# 0'819$")# /# C1C# +D1"4-# /B"&# (")#
&+4&"41$/1'+4)#(")#8(-)#,/'D(")#T.d#"1#.oVI#&+41$/'$"%"41#G#&"#M-'#C1/'1#/11"40-:#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
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#
#
A)5(1&!=Q"![3*D1&!.&!'@!.)+091&%!8030',@!&0!D@!D1'27C291&%!2'+0(1$%!+'1!D3(%&!82'5&%!
.6$*&15&/2&@!&/!-3/20)3/!.&%!*3.',)0$%!.&!01')0&*&/0!80$*3)/<!0$*3)/!'2$03/&!&0!013)%!
23/2&/01'0)3/%!.6WXY@!+3(1!(/&!%&*')/&!.&!23,3/)%'0)3/;Z'!23/2&/01'0)3/!&/!WXY!&%0!&4+1)*$&!
&/!*5!WXY;e5
EH
!.&!D3(%&!8+3).%!%&2@;!
#
# QB"&# 0"-<# )"%/'4")# &+4)C&-1'B")# 0"# &+(+4')/1'+4# /B/41# (5'4)1/((/1'+4# 0")# &/>")#
05C%"$>"4&"I#+4#/#&/81-$C#dqof#0'819$")#/-#1+1/(#Thmo#4C%/1+&9$")#"1#ghd#D$/&6F&9$")V#'))-)#
0")#fr#D+-)")#0C8+)C")#Tdr#D+-)")#1C%+'4##m#D+-)")#8+-$#&6/&-4"#0")#H#%+0/('1C)#$"1"4-")#
1C%+'4#/&C1+4"I#.dI#.o#"1#.fI#)+'1#fr#D+-)")#0C8+)C")V:#U4#",,"1#)'>4','&/1',#0"#(/#8$C)"4&"#
05Wt;#/#C1C#%')#"4#CB'0"4&"#8+-$#(")#D$/&6F&9$")#T?O\#b##drIqo#n#8##rIrfdV#%/')#8/)#)-$#
(")#0'819$")#"4#>C4C$/(#4'#)-$#(")#4C%/1+&9$")#"4#8/$1'&-('"$#TN'>:#oq/IDV:#.+%%"#0/4)#("#&/)#
8$C&C0"41# T-4"# )"-("# )"%/'4"# 0"# &+(+4')/1'+4VI# (")# $C)-(1/1)# )+41# 0',,'&'(")# G# '41"$8$C1"$#
8-')M-5+4#/#&+(("&1C#8(-)#05'40'B'0-)#0/4)#(")#D+-)")#&+41"4/41#(/#8(-)#>$/40"#&+4&"41$/1'+4#
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05Wt;# T.fV# M-"# 0/4)# &"((")# &+41"4/41# 0")# &+4&"41$/1'+4)# %+'4)# C("BC")# T.d# "1# .oV:# */$#
/'(("-$)I#1$9)#8"-#05'4)"&1")#+41#C%"$>C#0")#0CE"&1'+4)#4"#&+41"4/41#M-"#0"#(5/&C1+4"#T1C%+'4#
/B"&#)+(B/41V:##
'
'
'
'
'
A)5(1&!=S"![3*D1&!.&!'@!.)+091&%!8030',@!&0!D@!D1'27C291&%!2'+0(1$%!+'1!D3(%&!82'5&%!
.6$*&15&/2&@!&/!-3/20)3/!.&%!*3.',)0$%!.&!01')0&*&/0!80$*3)/<!0$*3)/!'2$03/&!&0!013)%!
23/2&/01'0)3/%!.6WXY@!+3(1!.&(4!%&*')/&%!.&!23,3/)%'0)3/;!Z'!23/2&/01'0)3/!&/!WXY!&%0!
&4+1)*$&!&/!*5!WXY;e5
EH
!.&!D3(%&!8+3).%!%&2@;!
'
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2.4.2.3 Structure : effets sur les staphylins 
# A")# )1/86F('4)# +41# C1C# )C8/$C)# "4# 0"-<# &(/))")# 0"# 1/'((":# A")# >$+)# '40'B'0-)# )5C1/41#
0CB"(+88C)#0/4)#(")#D+-)")#C1/41#1$9)#8"-#4+%D$"-<I#4+-)#4"#&+4)'09$"$+4)#'&'#M-"#(")#8"1'1")#
")89&")I#8(-)#)1$'&1"%"41#&+8$+86'("):#
# Z/4)# ("# &/)# 05-4"# &+(+4')/1'+4# ('D$"# 05-4"# )"%/'4"# )-'B'"# 0"# (/# %')"# "4# 8(/&"# 0")#
&/>")#05C%"$>"4&"I#dHg#)1/86F('4)#/-#1+1/(#+41#C1C#$"&-"'((')#G#8/$1'$#0")#fr#D+-)")#)-'B'")#Tdr#
D+-)")#1C%+'4)##m#D+-)")#8+-$#&6/&-4"#0")#H#%+0/('1C)#0"#1$/'1"%"41#1C%+'4#/&C1+4"I#.dI#
.oI#.fI# )+'1# fr# D+-)")# /-# 1+1/(V:#Q-&-4# ",,"1# )'>4','&/1',# 0-# 1$/'1"%"41# 45/# 8-# 71$"#%')# "4#
CB'0"4&"#TN'>:#ohV:##
#
#
A)5(1&!=U"![3*D1&!.&!%0'+7C,)/%!2'+0(1$%!.'/%!,&%!+)95&%!.6$*&15&/2&!&/!-3/20)3/!.&%!
.)--$1&/0&%!*3.',)0$%!.&!01')0&*&/0!+3(1!(/&!%&*')/&!.&!23,3/)%'0)3/;!Z'!23/2&/01'0)3/!&/!WXY!
&%0!&4+1)*$&!&/!*5!WXY;e5
EH
!.&!D3(%&!8+3).%!%&2@;!
#
# Z/4)#("#&/)#0"#0"-<#)"%/'4")#0"#&+(+4')/1'+4I#dgr#)1/86F('4)#/-#1+1/(#+41#C1C#$"&-"'((')#
G# 8/$1'$# 05-4# /-1$"# (+1# 0"# fr# D+-)")# Tdr# D+-)")# 1C%+'4)# # m# D+-)")# 8+-$# &6/&-4"# 0")# H#
%+0/('1C)#0"#1$/'1"%"41V:#AG#"4&+$"#(5",,"1#0-#1$/'1"%"41#45")1#8/)#)'>4','&/1',#TN'>:#ogV:##
'
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'
A)5(1&!=V"![3*D1&!.&!%0'+7C,)/%!2'+0(1$%!.'/%!,&%!+)95&%!.6$*&15&/2&!&/!-3/20)3/!.&%!
.)--$1&/0&%!*3.',)0$%!.&!01')0&*&/0!+3(1!.&(4!%&*')/&%!.&!23,3/)%'0)3/;!Z'!23/2&/01'0)3/!&/!
WXY!&%0!&4+1)*$&!&/!*5!WXY;e5
EH
!.&!D3(%&!8+3).%!%&2@;!
'
2.4.3!Supplément écologique concernant la colonisation et 
l’émergence 
A5/4/(F)"# 0")# 0C8]1)# 1C%+'4)# T)/4)# Wt;V# /8$9)# -4"I# 0"-<# "1# 1$+')# )"%/'4")# 0"#
&+(+4')/1'+4# 8"$%"1# 0"#%'"-<# /88$C6"40"$# (/# &'4C1'M-"# 0"# &+(+4')/1'+4# "1# 05C%"$>"4&"# 0")#
0',,C$"41)#'4)"&1")#&+8$+86'("):#Y$"41"#0C8]1)#0"#D+-)")#&/('D$C")#Tdr#$C8('&/1)##f#0-$C")#0"#
&+(+4')/1'+4V# +41# 0+4&# C1C# )C("&1'+44C)# "1# (")# /4/(F)")# ",,"&1-C")# )-$# (")# C&6/41'((+4)# +41#
0+44C#-4"#1"4"-$#"4#"/-#%+F"44"#0"#goIo#x#0-#8+'0)#,$/')#"1#-4"#1"4"-$#"4#&"40$")#T,$/&1'+4#
%'4C$/("V#0"#dHIq#x#0-#8+'0)#)"&:#
#
2.4.3.1 Bousiers 
U4"# )"%/'4"# 0"# &+(+4')/1'+4# 8/$# (")# D+-)'"$)# /# 8"$%')# 0"# &+(("&1"$# fh# 0"# ("-$)#
0")&"40/41)#M-'#)"#)+41#0CB"(+88C)#0/4)#(")#D+-)")#Tdr#D+-)")VI#$C8/$1')#"41$"#1$+')#")89&")\#
C/6%+(&'!8(:#09)(&'# TA:V#TQ86+0''0/"VI#N9,,%$(&'!',6)#$#)(# TA:V#"1#F406%/69D&'!?9,,9# TA:V#
T=&/$/D/"'0/"V:# Y+-)# &")# '40'B'0-)# +41# C%"$>C# 0"# (/# %7%"# D+-)":# Z"-<# )"%/'4")# 0"#
&+(+4')/1'+4#+41#8"$%')#0"#&+(("&1"$#0"-<#")89&")#/B"&#h#0")&"40/41)#/-# 1+1/(# Tdr#D+-)")V# \#
F0%/6%)&'! 69#:%))6%(+9-('# TA:V# TQ86+0''0/"V# "1# F406%/69D&'! ?9,,9# TA:V# T=&/$/D/"'0/"V:#
QB"&# 1$+')# )"%/'4")# 0"# &+(+4')/1'+4I# +4# /# &+(("&1C# de# '4)"&1")# Tdr# 0C8]1)V# $C8/$1')# "4# &'4M#
")89&")# \# N%-%$%/0#)&'! #))90(,&'# TA:VI# M&%)%+9-&'! /9)9,%#4%'&'! TP/(16/)/$# p# b$-D/41VI#
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M&+%-&'! ;&9+)(D&0090&'# Tb"$D)1VI# 369-9,)%4%06&'! ;&9+)(:9,&-90&'# TA:V# TQ86+0''0/"V# "1#
F406%/69D&'!?9,,9#TA:V#T=&/$/D/"'0/"V:#P'"4#M-"#8(-)#05Q86+0'"4)#/'"41#C%"$>C#0")#D+-)")#
&+(+4')C")#8"40/41#-4"#)"-("#)"%/'4"I#/-&-4#",,"1#)'>4','&/1',#0"#(/#0-$C"#0"#&+(+4')/1'+4#45/#
C1C#%')#"4#CB'0"4&"#T?O\#b##oIoH#n#8##rIfoqV#TN'>:#oeV:##
#
#
A)5(1&!=^"![3*D1&!.&!D3(%)&1%!8'+73.)&/%!&0!%2'1'D$).&%@!%6$0'/0!.$J&,3++$%!+'1!D3(%&!&/!
-3/20)3/!.&!,'!.(1$&!.&!23,3/)%'0)3/;!
 
2.4.3.2 Diptères 
drro# 0'819$")# )"# )+41# 0CB"(+88C)# 0/4)# (")# D+-)")# ('D$"%"41# &+(+4')C")# 8"40/41# -4"#
)"%/'4"# Tdr# D+-)")V:# W(# )5/>'1# 0"# fer# 4C%/1+&9$")# $"8$C)"41C)# 8/$# )'<# ,/%'((")# T=&'/$'0/"#
THgIoxVI# =&/1+8)'0/"# ToeIoxVI# ."&'0+%F''0/"# TdrIfxVI# ."$/1+8+>4'0/"# ThIexVI#
.6'$+4+%'0/"# TfIgxVI#*)F&6+0'0/"# TrImxVV# "1# 0"#qdo#D$/&6F&9$")# $C8/$1')# "4#4"-,# ,/%'((")#
T*6+$'0/"#THHIqxVI#="8)'0/"#ToqImxVI#=86/"$+&"$'0/"#TdeIgxVI#2%8'0'0/"#TqIhxVI#;-)&'0/"#
TdIrxVI# =1$/1'+%F''0/"# TrIgxVI# .6(+$+8'0/"# TrIfxVI# N/44'0/"# TrIoxVI# =F$86'0/"# TrIoxV:#
QB"&#0"-<#)"%/'4")#0"#&+(+4')/1'+4I#hfm#0'819$")#Tdr#D+-)")#0C8+)C")V#+41#C%"$>CI#$C8/$1')#
"4#ord#4C%/1+&9$")#"1#mfH#D$/&6F&9$"):#QB"&#1$+')#)"%/'4")#0"#&+(+4')/1'+4#('D$"I#("#4+%D$"#
0"#0'819$")#&/81-$C)#0/4)#(")#8'9>")#05C%"$>"4&"#C1/'1#0"#deg#0'819$")#Tdr#D+-)")V#$C8/$1')#"4#
fq#4C%/1+&9$")#"1#dqo#D$/&6F&9$"):##
U4# ",,"1# )'>4','&/1',# 0"# (/# 0-$C"# 0"# &+(+4')/1'+4# )-$# (5C%"$>"4&"# 0")# 0'819$")# 8$')#
>(+D/("%"41#/#C1C#%')#"4#CB'0"4&"#T?O\#b##dmIgo#n#8##rIrrdV:#A"#4+%D$"#05C%"$>"4&")#")1#
)'>4','&/1'B"%"41#8(-)#,/'D("#/8$9)#1$+')#)"%/'4")#0"#&+(+4')/1'+4#"4#&+%8/$/')+4#/B"&#-4"#+-#
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TN'>:#fr/V:#."11"#0',,C$"4&"#")1#)'>4','&/1'B"#G#(/#,+')#8+-$#(")#4C%/1+&9$")#"1#(")#D$/&6F&9$")#
T?O\# b# # dHIeo#n# 8# # rIrrd# "1# b# # doIh#n# 8# # rIrroI# $")8"&1'B"%"41VI# /B"&# %+'4)#
05C%"$>"4&"# /8$9)# 1$+')# )"%/'4")# 0"# &+(+4')/1'+4# ('D$"# T;O\# d# )"%/'4"{f# )"%/'4")# 8# #
rIrrd#n#o# )"%/'4"){f# )"%/'4")#8##rIrrf#"1#d# )"%/'4"{f# )"%/'4")#8##rIrrd#n#o# )"%/'4"){f#
)"%/'4")#8##rIrren#8+-$#(")#4C%/1+&9$")#"1#D$/&6F&9$")I#$")8"&1'B"%"41V#TN'>:#frDI&V:#
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2.4.3.3 Staphylins 
A")#)1/86F('4)#+41#C1C#)C8/$C)#"4#)+-)@,/%'((")#8-')#"4#0"-<#&(/))")#0"#1/'(("#Tm%%#"1#
m%%V:# A")# 8(-)# 8"1'1)# C1/'"41# $"8$C)"41C)# 8$'4&'8/("%"41# 8/$# (")# Q("+&6/$'4/"# T"4B'$+4#
hmxVI#(")#^<F1"('4/"#Tdm@orxV#"1#(")#*/"0"$'4/"#T"4B'$+4#mxV:#Z5/8$9)#P$-4L"#"1#/(:#TorddVI#
(")#Q("+&6/$'4/"# )+41#%/E+$'1/'$"%"41# 8$C0/1"-$)I# /B"&# &"8"40/41# &"$1/'4)# >$+-8")# M-'# )+41#
%F&+86/>")# +-# 8/$/)'1")# 0"# 0'819$"):# A")# ^<F1"('4/"# )+41# 8$C0/1"-$)I# /(>-'B+$")# +-#
&+8$+86/>")#)"(+4# (")#")89&")I# 1/40')#M-"# (")#*/"0"$'4/"#)+41# 1+-)#8$C0/1"-$):#24#$/')+4#0-#
1$9)#,/'D("#4+%D$"#0"#>$+)#'40'B'0-)#+D1"4-)#Th#'40'B'0-)#0')1$'D-C)#"4#q#>"4$")\!C-#%,69)9I#
O9406%-(4&'I#F406%-#'0#'I#F,E/&'I#L9'D(&'# "1#36(-%406&'VI#4+1$"#/11"41'+4#)5")1# ,+&/(')C"# )-$#
(")#8(-)#8"1'1)#)8C&'%"4):#U4"I#0"-<#"1#1$+')#)"%/'4")#0"#&+(+4')/1'+4#+41#8"$%')#(5C%"$>"4&"#
0"# $")8"&1'B"%"41# mqI# drd# "1# fd# 8"1'1)# )1/86F('4):# P'"4# M-"# %+'4)# 05'40'B'0-)# /'"41# C1C#
+D1"4-)# G#8/$1'$#0")#D+-)")# &+(+4')C")# 8"40/41# 1$+')# )"%/'4")I# /-&-4#",,"1# )'>4','&/1',#0"# (/#
0-$C"#0"#&+(+4')/1'+4#45/#C1C#%')#"4#CB'0"4&"#T?O\#b##HIoo#n#8##rIdodV#TN'>:#fdV:#
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2.5!Discussion et conclusion 
 
2.5.1!Pour-on 
 
2.5.1.1 Résidus d’IVM 
# Q8$9)# ("# 1$/'1"%"41# 0")# /4'%/-<# T,+$%-(/1'+4# *+-$@+4VI# +4# +D)"$B"# -4# 8'&#
05C('%'4/1'+4# 0"# (5Wt;# 0/4)# (")# D+-)")# M-'# 0-$"# /-#%+'4)# -4"# )"%/'4"I# /B"&# 0")# B/("-$)#
%")-$C")#0"#oIgHm#"1#oIHgr#%>#Wt;:L>@d#0"#D+-)"#T8+'0)#)"&V#G#$")8"&1'B"%"41#f#"1#h#E+-$)#
8+)1@1$/'1"%"41# Tf#"1# h#Z*QV:#."#8'&# )"# )'1-"#0/4)# (/#>/%%"#6/-1"#05C('%'4/1'+4#0"# (5Wt;#
)'>4/(C"#0/4)#(/#('11C$/1-$"#+v#(")#&+4&"41$/1'+4)#%/<'%/(")#)'>4/(C")#)+41#&+%8$')")#"41$"#rIo#
"1#HIo#%>:L>d#"41$"#f#"1#m#Z*Q#TQ(B'4"$'"#"1#/(:I#deeen#20a/$0)#"1#/(:I#orrdn#P+</((#"1#/(:I#
orrHn#N"$4/40"R#"1#/(:I#orren#K+"%DL"#"1#/(:I#ordrDV:#S+)#B/("-$)#)+41#8(-1]1#0-#%7%"#+$0$"#
0"# >$/40"-$# M-"# &"((")# 8-D('C")# 8/$# W>(")'/)# "1# /(:# TorddV# 0+41# (5C1-0"# /# %+41$C# -4"# ,+$1"#
&+4&"41$/1'+4# 05Wt;# 0/4)# (")# D+-)")# -4"# )"%/'4"# /8$9)# (5/0%'4')1$/1'+4# 0-# 1$/'1"%"41#
/41'8/$/)'1/'$":# A5C('%'4/1'+4# 0"# (5Wt;I# '%8+$1/41"# (+$)# 0"# (/# 8$"%'9$"# )"%/'4"I# 0-$"#
$"(/1'B"%"41# (+4>1"%8)#8-')M-"#(/#%+(C&-("#")1#"4&+$"#0C1"&1/D("#0/4)#(")#D+-)")#&+(("&1C")#
og#E+-$)#/8$9)#("#1$/'1"%"41#0")#/4'%/-<#TrIrHe#%>#Wt;:L>@d#0"#D+-)"I#"4#8+'0)#)"&V:#
# S+1$"#C1-0"#&+$$")8+40#G#(5-4#0")#8(-)# (+4>)#)-'B')# E/%/')#",,"&1-C)#)-$# (/# 1"4"-$#"4#
Wt;# 0/4)# (")# D+-)")# "1# ("# )+(# )+-)@E/&"41# 0/4)# 0")# &+40'1'+4)# &('%/1'M-")# 4/1-$"((")#
T1"%8C$/1-$"I# 8$C&'8'1/1'+4)I# B"41I# )+("'(# cV:# A/# %+(C&-("# 8"$)')1"# (+4>1"%8)# 0/4)#
(5"4B'$+44"%"41#8-')M-5"(("#C1/'1#"4&+$"#0C1"&1/D("#"4#&6/%8#0/4)#(")#D+-)")#E-)M-5G#df#%+')#
/8$9)#("-$#0C8]1:#Z")#C1-0")#/41C$'"-$")#/B/'"41#%+41$C#M-"#(/#0')8/$'1'+4#0"#(5Wt;#0/4)#(")#
0CE"&1'+4)#0-#DC1/'(#"1#0/4)#("#)+(#C1/'1#$"(/1'B"%"41#("41"#"4#6'B"$#"1{+-#0/4)#0")#&+40'1'+4)#0"#
(/D+$/1+'$"#TZYmr#"41$"#f#"1#g#%+')VI#"1#8(-)#$/8'0"#"4#C1C#TZYmr#"41$"#h#"1#dH#E+-$)V#Tb/(("F#"1#
/(:I# dege/n# A-%/$"1# "1# /(:I# ordoV:#S+)# $C)-(1/1)#%+41$"41# M-"# (")# B/("-$)# &/(&-(C")# 0"#ZYmr#
8"-B"41# 71$"# B/$'/D(")# )"(+4# ("# %+%"41# +v# )5",,"&1-"# (/# %")-$"#n# 0/4)# ("# &/)# 0")# D+-)")#
8$C("BC")#(+$)#0-#8'&#05C('%'4/1'+4#G#f#"1#h#Z*QI#+4#8"-1#")1'%"$#M-"#(")#B/("-$)#0"#ZYmr#8+-$#
(5Wt;#0/4)# (")#0CE"&1'+4)#)+41#0"# (5+$0$"#0"#o#G#f#%+')I#-4"#0-$C"#8(-)# (+4>-"#M-5/11"40-"#
8+-$# 0")# &+40'1'+4)# ")1'B/("):# Y+-1",+')I# (")# $C)-(1/1)# 0"# 1"((")# ")1'%/1'+4)# )+41# )+-B"41#
B/$'/D(")#"41$"#(")#C1-0")I#(/#0')8/$'1'+4#0"#(5Wt;#0/4)#4+1$"#&/)#C1/41#8(-)#$/8'0"#M-"#&"#M-'#/#
C1C#&/(&-(C#8/$#=-/$"R#"1#/(:#TorrfV#TZYmr#/11"'>4/41#dgr#E+-$)#/8$9)#("#0C8]1V:#A/#&6-1"#'4'1'/("#
0"# &+4&"41$/1'+4# T%/'# G# )"81"%D$"#n# 8C$'+0"# ")1'B/("V# 0"# (5Wt;#"4$">')1$C"# 0/4)# (")# D+-)")#
0C8+)C")# )-$# ("# 1"$$/'4# 8+-$$/'1# 0/4)# -4# 8$"%'"$# 1"%8)# 71$"# /11$'D-/D("# G# -4"#
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86+1+0C>$/0/1'+4I#D'"4#M-"#(/#&+4)1'1-1'+4#$/8'0"#05-4"#&$+k1"#G#(/#)-$,/&"#0"#(/#D+-)"#0-#,/'1#
0"# )/# 0"))'&&/1'+4# 0+'1# &+41$'D-"$# G# 8$+1C>"$# ",,'&/&"%"41# (5Wt;:# A/# 8"$)')1/4&"# 0"# (5Wt;#
0/4)#(")#0CE"&1'+4)#8+-$$/'1#71$"#"<8('M-C"#8/$#)+4#('"4#C1$+'1#/B"&#(/#%/1'9$"#+$>/4'M-"#"1#("#
)+(#Tb/(("F#"1#/(:I#degeDV:#.+%%"#(/#%+(C&-("#")1#1$9)#8"-#%+D'("#TM-/)'%"41#'4)+(-D("#0/4)#
(5"/-VI#(5Wt;#T,/'D(")#M-/41'1C)V#$"1$+-BC"#0/4)#("#)+(#)+-)#(")#D+-)")#8$+B'"41#8$+D/D("%"41#
0"#(5"4,+-'))"%"41#0"#8"(+1")#,C&/(")#&+41"4/41#0"#(5Wt;#8/$#(")#D+-)'"$)I#"1#8"-1@71$"#/-))'#
0"#(5/&1'B'1C#0")#B"$)#0"#1"$$"#(+$)M-"#("#)+(#")1#6-%'0":#
 
2.5.1.2 Structure 
# A")#$C)-(1/1)#+D1"4-)#%+41$"41#&(/'$"%"41#M-"#(5Wt;#/,,"&1"#(")#'4)"&1")#&+8$+86/>")#
T"4#8/$1'&-('"$#D+-)'"$)#"1#%+-&6")VI#/B"&#%+'4)#05C%"$>"4&")#0/4)#(")#"<&$C%"41)#&+41"4/41#
&"11"#%+(C&-(":#.+41$/'$"%"41#G#&"#M-'#/#C1C#+D1"4-#/B"&#(")#0'819$")I#8"-#0"#D+-)'"$)#T1/41#"4#
")89&")#M-5"4#4+%D$"#05'40'B'0-)V#)"#)+41#0CB"(+88C)#0/4)#(")#D+-)")#0C8+)C")#)-$#("#1"$$/'4:#
."11"#,/'D("#0'B"$)'1C#8"-1#71$"#"4#8/$1'"#/11$'D-C"#G#-4#8$'41"%8)#8/$1'&-('9$"%"41#)"&#0-$/41#
("# 0C$+-(C# 0"# (5C1-0":# A+$)M-"# (")# &+40'1'+4)# &('%/1'M-")# )+41# 0C,/B+$/D(")# T)C&6"$"))"#
8"$)')1/41"VI# (/# 4+-B"(("# >C4C$/1'+4# 0"# D+-)'"$)# /# 1"40/4&"# G# 0',,C$"$# )/# )+$1'"# "1# G# 71$"# 8"-#
/&1'B"I#0"%"-$/41#0/4)#("#)+(#/-#)1/0"#/0-(1"#G#(5'41C$'"-$#0")#8"(+1")#,C&/("):#A")#&+40'1'+4)#
%C1C+$+(+>'M-")# &+40'1'+44"41# (5/&1'B'1C# /'4)'# M-"# (")# &/8/&'1C)# 0"# B+(# 0")# '4)"&1")#
&+8$+86/>")#"1#0+4&#(5/%8("-$#0"#(/#&+(+4')/1'+4#TN'44#p#3'11'4>)I#orrfV:#A/#&+(+4')/1'+4#8/$#
(")#'4)"&1")#&+8$+86/>")#0C8"40#C>/("%"41#0"#(/#0"4)'1CI#0"#(/#1"<1-$"#"1#0"#(56-%'0'1C#0-#)+(#
TA-%/$"1I# degfn# P$-))//$0# p# =(/>"$I# degqn# A-%/$"1# p# ?'$LI# deghn# t"))DF# p#O'L1"('-)I#
orrfV:# U4"# 1/'(("# 8(-)# '%8+$1/41"# 0")# 0CE"&1'+4)# )"# 1$/0-'1# 8/$# -4"# /->%"41/1'+4# 0"# (/#
$'&6"))"I# 0"# (/# D'+%/))"# '40'B'0-"(("# "1# 0"# (/# D'+%/))"# 1+1/("# 0")# D+-)'"$)# T2$$+-'))'# "1# /(:I#
orrHVI#1/40')#M-5-4"#,/'D("#0"4)'1C#0/4)#0"#8(-)#>$+))")#0CE"&1'+4)##&+41$'D-"#G#(/#&+"<')1"4&"#
0")# ")89&")# "4# &$C/41# 0")# R+4")# $",->")# 8+-$# (")# &+%8C1'1"-$)# (")# 8(-)# ,/'D(")# Tb+$>/4# p#
N-"41")I# orrmV:# A")# &+40'1'+4)# "4B'$+44"%"41/(")# '4,(-"4&"41# 8/$# /'(("-$)# ("# )-&&9)#
$"8$+0-&1"-$# 0")# ")89&")# /'4)'# M-"# ("# 1/-<# 0"# )-$B'"# (/$B/'$"# M-'# 0C1"$%'4"41# ("# 4+%D$"#
05C%"$>"4&")#T=+a'>I#deemn#=+a'>I#deeqn#t"))DF#p#O'L1"('-)I#orrfV:#U4"#/-1$"#6F8+169)"#
")1# M-"# (5+4# /# 8-# /))')1"$# G# -4# ",,"1# 0"# 0'(-1'+4#0")# 8+8-(/1'+4)# 0"# &+8$+86/>")I# 0k# /-# ,/'1#
M-5+4#/#8-#8$+8+)"$#/-<#'4)"&1")#0"#1$+8#>$/40")#M-/41'1C)#0"#D+-)")#M-'#)"#)+41#)-$/E+-1C")#G#
(/# 8$+0-&1'+4# M-+1'0'"44"# 0-# 1$+-8"/-I# 05+v# -4# ",,"1# )-$# &6/M-"# D+-)"# M-'# 8"-1# )"# 1$+-B"$#
$C0-'1:# 24# ,/'1# (")# M-/41'1C)# 0C8+)C")# 8+-$# (5C1-0"# 45/88/$/'))"41# 8/)# 1$9)# C("BC")# "4#
&+%8/$/')+4#/B"&#(/#%/))"#0"#0CE"&1'+4)#8$+0-'1")#8/$#-4#1$+-8"/-#0"#dmr#>C4'))")I#&6/&-4"#
8$+0-')/41# E+-$4"(("%"41#"4B'$+4#dH#L>#T8+'0)#,$/')V#0"#D+-)"#Tdo#D+-)")#8/$#E+-$dIo#L>##
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dHIH# L># 8/$# E+-$# TA/4_+4I# dehgVV# TO")1# "1# /(:I# degen# 3"$$')6# "1# /(:I# deemV:# S+)# $C)-(1/1)#
)"%D("41# 8(-1]1# '40'M-"$# M-"# (5/D+40/4&"# "4# D+-)'"$)# )-$# ("# )'1"# ")1# '4)-,,')/41"# 8+-$# M-"#
(5"4)"%D("#0")#0CE"&1'+4)#8$+0-'1")#8/$# (")#/4'%/-<#)+'"41#-1'(')C"):#Q-@0"(G#0"# (/#8$C)"4&"#
0"# $"))+-$&")# 1$+86'M-")I# (5/D+40/4&"# 0")# '4)"&1")# &+8$+86/>")# 0/4)# -4# )'1"# 0+44C# 0C8"40#
(/$>"%"41#05/-1$")#,/&1"-$)#T?+)L"(/#p#b/4)L'I#dehhV:#Z/4)#("#&/0$"#05-4#1$/B/'(#",,"&1-C#)-$#
0")# &+%%-4/-1C)# 05'4)"&1")# &+8$+86/>")I# */(")1$'4'I# P/$D"$+# "1# K+(/40+# TdeegV# +41# C1C#
)-$8$')#8/$#(/#,/'D("#0"4)'1C#0"#D+-)'"$)#0/4)#("-$#)'1"#05C1-0":#U4"#0")#"<8('&/1'+4)#0+44C")#
C1/'1#(/#&+4E+4&1'+4#0"#8$C&'8'1/1'+4)#'%8+$1/41")#/-#%+%"41#0"#(5C1-0"#"1#-4"#1/'(("#%+0")1"#
0")#D+-)")#-1'(')C")#"1#)"$B/41#05/88`1#TdIH#L>#0"#8+'0)#,$/')V:##
#
Z/4)# 4+1$"# &/)I# ("# ,/'D("# 4+%D$"# 0"# D+-)'"$)# /F/41# C%"$>C# 0")# D+-)")# '4'1'/("%"41#
8$C("BC")# f# E+-$)# /8$9)# ("# 1$/'1"%"41# 0")# /4'%/-<# 8"-1# 71$"# "<8('M-C# 8/$# -4"# &+4&"41$/1'+4#
C("BC"#05Wt;#ToIgHm#%>#Wt;:L>@d#0"#D+-)"I#"4#8+'0)#)"&V#TN'>:#doV:#?$->"$#"1#=&6+(1R#TdeehV#
+41#%+41$C#M-5/8$9)#-4"#'4E"&1'+4#/-#DC1/'(#0"#orr#>#05Wt;#8/$#L>#T8+'0)#B',VI#(5C%"$>"4&"#
05M&%4(0(,#--&'! (40#):#+(&'# "1# 05F4(0('! 9-#G('# C1/'1# $C0-'1"# +-# 4-(("# 8"40/41# (")# h# 8$"%'"$)#
E+-$)#M-'#+41#)-'B'#(5/0%'4')1$/1'+4#0"#(5Wt;:#A")#%7%"#/-1"-$)#(5/44C"#)-'B/41"#Tdeeg/V#+41#
&+4&(-#M-"#(5'%8/&1#"4B'$+44"%"41/(#0"#(5Wt;#0C8"40/'1#1$9)#B$/')"%D(/D("%"41#0"#8(-)'"-$)#
,/&1"-$)# /))+&'C)I# 1"()# M-"# (")# &+40'1'+4)# &('%/1'M-")I# (5C&6"(("# )8/1'/("# 0-# 1$/'1"%"41# "1# ("#
4+%D$"# 05/4'%/-<# 1$/'1C):# A5Wt;# /# 0")# ",,"1)# 1+<'M-")# )-$# (")# (/$B")# 0"# =&/$/D/"'0/"I# "4#
/->%"41/41# ("-$#%+$1/('1C# "1# '46'D/41# ("-$# 0CB"(+88"%"41# T=1$+4># "1# /(:I# deeqV:#Z/4)# 4+1$"#
C1-0"I# (")# &+4&"41$/1'+4)# 0"# (5Wt;# 0/4)# (")# D+-)")# $"("BC")# /-# &+-$)# 0")# 0"-<# 8$"%'9$")#
)"%/'4")#M-'#+41# )-'B'# ("# 1$/'1"%"41#0-#DC1/'(# T"41$"#oIgHm#"1# rIqeo#%># Wt;:L>@d# D+-)"I# "4#
8+'0)# )"&V# C1/'"41# )-8C$'"-$")# /-<#B/("-$)#+D1"4-")#0/4)#0")# &+40'1'+4)# )'%'(/'$")#0/4)#-4"#
/-1$"#C1-0"#"1#M-'#/B/'1#%+41$C#(/#%+$1/('1C#(/$B/'$"#05M&%4(0(,#--&'!8&-?&'!G#-4"#&+4&"41$/1'+4#
0"# rIdq# %># Wt;:L>@d# "1# -4# $"1/$0# 0"# 0CB"(+88"%"41# G# rIrq# %># Wt;:L>@dTA-%/$"1# "1# /(:I#
deefV:#Z")# 1")1)#C&+1+<'&+(+>'M-")#%"4C)#/-# (/D+$/1+'$"# )-$#C/6%+(&'!,%4'094'# T.+(C+819$"#
Q86+0''0/"V#+41#%+41$C#8+-$#&"11"#")89&"#-4"#0+)"#(C1/("#%C0'/4"#TA.mrV#&+%8$')"#"41$"#rIgg#
"1# rIeg# %># Wt;:L>@d# D+-)"# T8+'0)# )"&V# Tb"%8"(# "1# /(:I# orrqV:# Z5/8$9)# K+"%DL"# "1# /(:#
TordrDVI# (/# 8(-8/$1# 0")# ")89&")# 0"# D+-)'"$)# )+41# )"4)'D(")# G# (5Wt;I# /B"&# 0")# B/("-$)# 0"# (/#
A^2.#05"4B'$+4#rIgd#%>#Wt;:L>d#D+-)"#T8+'0)#)"&V#"1#0"#(/#S^2.#0"#rIhg#%>#Wt;:L>d#
D+-)"#T8+'0)#)"&V:#Z/4)# ("#&/)#05C/6%+(&'! 8(:#09)(&'I# (5")89&"# (/#8(-)#/D+40/41"#$"4&+41$C"#
/-#&+-$)#0"#4+1$"#C1-0"I#(/#B/("-$#0"#A.mr#/#C1C#C1/D('"#G#rIm#%>#Wt;:L>
@d#D+-)"#T8+'0)#)"&VI#
/B"&# -4"# S^2.# G# rIf# %># Wt;:L>@d# D+-)"# T8+'0)# )"&V# TA-%/$"1# "1# /(:I# ordoV:# A")#
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&+4&"41$/1'+4)# 0"# (5Wt;# %")-$C")# 0/4)# (")# D+-)")# ,$/'&6")# 8"40/41# 4+1$"# C1-0"# )"%D("41#
&+$$")8+40$"#G#-4#'%8/&1#8+1"41'"(#'%8+$1/41#)-$#(/#8(-8/$1#0")#")89&")#0"#D+-)'"$):##
# A/#B/$'/D'('1C#0")#,/&1"-$)#/D'+1'M-")I#0-#,/'1#0"#("-$#,+$1#'%8/&1#)-$#("#0CB"(+88"%"41#
0")#")89&")I#8"-1#"41$/'4"$#0")#0',,'&-(1C)#8+-$#/88$C6"40"$#(")#",,"1)#0")#1$/'1"%"41)#G#(+4>#
1"$%"#)-$#(5"4)"%D("#0")#8+8-(/1'+4):#24#)5/88-F/41#)-$#0")#0+44C")#0"#)-$B'"#0")#'4)"&1")#
E-BC4'(")I#O/$06/->6#"1#/(:#TorrdV#+41#D`1'#-4#%+09("#M-'#8$C0'1#-4"#$C0-&1'+4#0"#om#G#fm#x#
0"#(/#4+-B"(("#>C4C$/1'+4#0"#D+-)'"$)#C%"$>"/41#05-4#"<&$C%"41#1$/'1C:#A5'41"4)'1C#0")#",,"1)#
B/$'"# "4# ,+4&1'+4# 0"# (/# 8C$'+0"# 0-# 1$/'1"%"41# "1# 0"B$/'1# 71$"# 8(-)# '%8+$1/41"# E-)1"# /8$9)#
(5C%"$>"4&"#0"#(/#4+-B"(("#>C4C$/1'+4:#Z5/-1$")#"<1$/8+(/1'+4)#",,"&1-C")#G#8/$1'$#0")#$C)-(1/1)#
1'$C)# 0"# (/# 1+<'&'1C# 0")# 0CE"&1'+4)# 05/4'%/-<# 1$/'1C)I# +41# &+40-'1# G# ")1'%"$# M-"# (/#%+$1/('1C#
&-%-(C"# %/<'%-%# /11"'40$/'1# %+'4)# 0"# om# x# G# (5C&6"(("# 05-4"# "<8(+'1/1'+4# 05C("B/>"#
T=6"$$/11# "1# /(:I# deegV:# Y+-1",+')I# (")#%+09(")# 0CB"(+88C)# '&'# 45+41# 8/)# 8$')# "4# &+%81"# (")#
",,"1)#4+4#(C1/-<#T1+<'&'1C#&6$+4'M-"VI#1"()#M-"#(/#$C0-&1'+4#0")#&/8/&'1C)#$"8$+0-&1'B")#+-#(")#
/11"'41")# /-<# '41"$/&1'+4)# '41$/@# "1# '41"$@)8C&','M-"):# Q# (5C&6"(("# 0")# 8+8-(/1'+4)I# (")#
%C&/4')%")#0"# &+%8"4)/1'+4#0-# )1$"))# ('C# G# &")# 1$/'1"%"41)I# 1"()#M-"# (5'%%'>$/1'+4I# $")1"41#
1$9)#%/(#&+44-)#"1#4C&"))'1"$/'"41#0"#8(-)#/%8(")#'4B")1'>/1'+4):###
# A"# 1$/'1"%"41# 0-# DC1/'(# G# (5Wt;# /# -4# '%8/&1# )-$# (")# 0'819$")# M-'# )5")1# /BC$C# 8(-)#
'%8+$1/41#M-"#&"(-'#)-$#(")#D+-)'"$)I#&+4,'$%/41#0")#$C)-(1/1)#/41C$'"-$)#0CEG#8-D('C)#TS^2.##
rIfd#%># Wt;:L>@dI# "4# 8+'0)# )"&V# TK+"%DL"# "1# /(:I# ordrDV:# A")# D$/&6F&9$")# )"# )+41# $CBC(C)#
8(-)# )"4)'D(")# M-"# (")# 4C%/1+&9$")# T"4# 4+%D$"# 0"# 1/<+4)# "1# "4# /D+40/4&"V:# A-%/$"1# "1# /(:#
TdeefV#/B/'"41#8$C&C0"%%"41#%+41$C#M-"#(")#(/$B")#0"#R#%:E(9!,%)4(,(49#TN/D$'&'-)V#C1/'"41#
1$9)#)"4)'D(")#G#(5Wt;I#/B"&#-4"#%+$1/('1C#1+1/("#G#0")#&+4&"41$/1'+4)#05Wt;#0/4)#(/#D+-)"#0"#
rIdq#"1#rIrq#%>#Wt;:L>@d#"4#8+'0)#)"&:#S+)#$C)-(1/1)#+41#%+41$C#05-4"#%/4'9$"#/4/(+>-"#(/#
1$9)# >$/40"# )"4)'D'('1C# 0")# ="8)'0/"# G# (5Wt;I# /-&-4"# C%"$>"4&"# 05/0-(1")# 45/F/41# C1C#
"4$">')1$C"#G#8/$1'$#0")#D+-)")#8$C("BC")#E-)M-5G#H#)"%/'4")#/8$9)#(5/0%'4')1$/1'+4#0"#(5Wt;#
TN'>:#dq/V:#.")#$C)-(1/1)#&+4,'$%"41#&"-<#0"#P(/4&L"46+$4#"1#/(:#TordfDV#)-$#&"11"#,/%'(("#0"#
0'819$"):# Z-# ,/'1# 0"# ("-$# )"4)'D'('1CI# (")# ="8)'0")# 8"-B"41# 71$"# &+4)'0C$C)# &+%%"# 0"# D+4)#
&/40'0/1)# 8+-$# 71$"# $"1"4-)# &+%%"# (5-4# 0")# >$+-8")# 0"# $C,C$"4&"# 8+-$# 8/$1'&'8"$# /-<# 1")1)#
)1/40/$0)#0"#(/D+$/1+'$"#%')#"4#8(/&"#8+-$#CB/(-"$#(")#",,"1)#0")#1$/'1"%"41)#BC1C$'4/'$")# T"4#
8/$1'&-('"$# B"$%',->")V# )-$# (")# ")89&")# 4+4@&'D(")# TP(/4&L"46+$4# "1# /(:I# ordf/V:# ."# >$+-8"#
8"-1# C>/("%"41# &+4)1'1-"$# -4# D+4# '40'&/1"-$# 0")# ",,"1)# 0")# $C)'0-)# 1+<'M-")# 0/4)# (")#
"4B'$+44"%"41)#8`1-$C):#A")#0'819$")#=86/"$+&"$'0/"#%+41$"41#/-))'#-4"#>$/40"#)"4)'D'('1C#G#
(5Wt;#8-')M-"#1$9)#8"-#05'40'B'0-)#+41#C%"$>C#0")#D+-)")#&+(+4')C")#('D$"%"41#8"40/41#-4"#
)"%/'4"#TN'>:#dqDV:#Q8$9)#-4"#"<8+)'1'+4#('D$"#0")#D+-)")#8"40/41#0"-<#)"%/'4")I#4+-)#/B+4)#
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+D1"4-# M-/)'%"41# ("# %7%"# 4+%D$"# 05C%"$>"4&")# 0"# %+-&6")# M-5/8$9)# -4"# )"%/'4"#
05"<8+)'1'+4#ThH#"1#qo#0'819$")#&/81-$C)#"4#%+F"44"#8/$#8'9>"#8+-$#-4"#"1#0"-<#)"%/'4")#0"#
&+(+4')/1'+4#$")8"&1'B"%"41V:#Y$+')#)"%/'4")#0"#&+(+4')/1'+4#+41#&+40-'1#G#(/#&/81-$"#0/4)#(")#
8'9>")#05C%"$>"4&"#0"#1$9)#8"-#05'40'B'0-):# W(#/88/$/l1#/(+$)#M-"#(/#%')"#"4#8(/&"#0")#&/>")#
05C%"$>"4&"#/8$9)#&+(+4')/1'+4#0+'1#)5",,"&1-"$#/))"R#$/8'0"%"41I#/B/41#0"-<#)"%/'4")#/8$9)#
("# 0C8]1# 0")# D+-)")# )'# (5+4# )+-6/'1"# CB/(-"$# (5",,"1# 0")# 1$/'1"%"41)# )-$# -4# 4+%D$"# )-,,')/41#
05C%"$>"4&"):# ^4# 8"-1# /(+$)# "4# &+4&(-$"# M-"# (/#%')"# "4# 8(/&"# 0")# &/>")# 05C%"$>"4&"# /-@
0"))-)#0")#D+-)")#/8$9)#-4"#)"-("#)"%/'4"#0"#&+(+4')/1'+4#('D$"#")1#-4"#0-$C"#8"$1'4"41"#8+-$#
)-'B$"#)-$#("#1"$$/'4#(")#",,"1)#0"#(5Wt;#)-$#&"#>$+-8"#05'4)"&1"):##
#
# A/# 8$C)"4&"# 05Wt;# 0/4)# (")# D+-)")# /# C>/("%"41# '%8/&1C# (")# 4'B"/-<# 1$+86'M-")#
)-8C$'"-$):#U4#8(-)#>$/40#4+%D$"#0"#)1/86F('4)#+D1"4-)#0/4)#(")#&/>")#G#C%"$>"4&"#/8$9)#-4"#
&+(+4')/1'+4#0")#D+-)")#0"#0"-<#)"%/'4")#'40'M-"#M-"#&"11"#0-$C"#0"#&+(+4')/1'+4#)"%D("#(/#
8(-)#8"$1'4"41"#8+-$#CB/(-"$#(5'%8/&1#0"#(5Wt;#)-$#&")#'4)"&1")#TN'>:#orV:#U4#(/8)#0"#1"%8)#0"#
1$+')# )"%/'4")# 0"# &+(+4')/1'+4# 8/$/'1# 1$+8# (+4># 8-')M-"# 0/4)# &"# &/)# ("# 4+%D$"# 05'40'B'0-)#
$"&-"'((')#0/4)#(")#&/>")#05C%"$>"4&"#C1/'1#,/'D("#"4#&+%8/$/')+4#/B"&#(")#/-1$")#8C$'+0")#0"#
%')"# "4#8(/&"#0")# &/>"):#A5'%8/&1#0"# (5Wt;#)-$# (")# )1/86F('4)#8+-$$/'1# )5"<8('M-"$#8/$#0")#
",,"1)# 0'$"&1)# 0"# &"11"# %+(C&-("# )-$# (")# ")89&")# )1$'&1"%"41# &+8$+86/>")# Tb'41+4I# deHHn#
=L'0%+$"I# deedn# N'4&6"$I# deeon# b-# p# N$/4LI# deemVI# +-# 8/$# 0")# ",,"1)# '40'$"&1)# ('C)# G# (/#
%+$1/('1C#0"#("-$)#8$+'")#+-#0"#("-$)#6]1")#T8$'4&'8/("%"41#0")#0'819$")V:#
# A5Wt;#8$C)"41"#0/4)#(")#D+-)")#/#/-))'#-4#'%8/&1#T0'$"&1#+-#'40'$"&1V#)-$#(")#%'&$+@
6F%C4+819$")# 8/$/)'1+s0")# TN'>:# ooVI# &+%%"# (")# *1"$+%/('0/"# 0+41# (")# 6]1")# T0")# 0'819$")V#
)+41#1$9)#)"4)'D(")#G#&"11"#%+(C&-(":#N(+/1"#"1#N+<#TdeeeV#+41#+D1"4-#0")#$C)-(1/1)#/4/(+>-")#/-#
./4/0/#8+-$#0")#")89&")#&+%%"#I&',(+(8&)9G!S9)9/0%)!P?+>/4#/40#A">4"$V#M-'#/88/$1'"41#G#
&"11"#%7%"#,/%'((":#
#
# A")#t;*)#C('%'4C)#8/$#("#DC1/'(#8"-B"41#/'4)'#"41$/l4"$#0")#%+0','&/1'+4)#'%8+$1/41")#
0"# (/#&+%8+)'1'+4#"1#8/$#&+4)CM-"41#0"# (/#)1$-&1-$"#0")#&+%%-4/-1C)#&+8$+86'(")I#/,,"&1/41#
8$+D/D("%"41# /-))'# ("# ,+4&1'+44"%"41# 0"# (5C&+)F)19%"# /'4)'# M-"# (")# )"$B'&")# ,+-$4')# 8/$#
(5"4)"%D("#0"#&")#+$>/4')%"):#A/#$C8+4)"#)1$-&1-$"(("#05-4"#&+%%-4/-1C#)+-%')"#G#&"#1F8"#
0"# )1$"))# $")1"# G# CB/(-"$# %/(>$C# ("# 0CB"(+88"%"41# $C&"41# 05/88$+&6")# 0"# 8(-)# "4# 8(-)#
,+4&1'+44"(("):# 24# ",,"1# 0")# ")89&")# 0',,C$"41")# 8"-B"41# /))-$"$# 0")# ,+4&1'+4)# C&+(+>'M-")#
8$+&6")#1+-1#"4#/F/41#0")#&/8/&'1C)#0',,C$"41")#8+-$#$C/>'$#/-<#8"$1-$D/1'+4)I#&"#M-'#/->%"41"#
05/-1/41#(/#$C)'('"4&"#0-#)F)19%"#T2(%MB')1#"1#/(:I#orrfn#;+$'#"1#/(:I#ordfV:##
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2.5.2!Spiked 
 
2.5.2.1 Résidus d’IVM 
# A/# &+4&"41$/1'+4# .o# M-'# /B/'1# C1C# $"1"4-"# /# 8$'+$'# )-$# (/# D/)"# 0")# 0+44C")# 0"# (/#
('11C$/1-$"#8+-$#)'%-("$#("#8'&#%/<'%/(#05C('%'4/1'+4#0"#(5Wt;#)5")1#$CBC(C"#,'4/("%"41#1$+')#
,+')#8(-)#,/'D("#M-"#&"(("#%")-$C"#$C"(("%"41#0/4)#(")#C&6/41'((+4)#0"#(/#D+-)"#,$/'&6"#8$C("BC"#
f#E+-$)#/8$9)#("#1$/'1"%"41#0")#/4'%/-<#TC1-0"#8$C&C0"41"V:#S+1$"#C1-0"#/#8"$%')#05+D1"4'$#(")#
8$+,'()# 0"#0')8/$'1'+4#0"# (5Wt;#0/4)# (")#D+-)")# 0"#B/&6"#8"40/41#8(-)#05-4#/4:#.")#8$+,'()#
)5/B9$"41# 1$9)# &+%8/$/D("# G# &"-<# 0C&$'1)# 8$C&C0"%%"41# 8+-$# 0")# D+-)")# 05/4'%/-<# 1$/'1C)#
T'B"$%"&1'4"#0C('B$C"#"4#*+-$@+4V:#Z/4)#-4#8$"%'"$#1"%8)#(/#0C>$/0/1'+4#0"#(5Wt;#")1#/))"R#
$/8'0"I#8"-1@71$"#0-"#G#-4"#86+1+0C>$/0/1'+4#8/$1'"(("#0"#(/#%+(C&-("I#8-')#(/#0'%'4-1'+4#0"#(/#
&+4&"41$/1'+4#0/4)#(")#D+-)")#)"#$/("41'1:#.+41$/'$"%"41#G#&"#M-'#C1/'1#")&+%81CI#4+)#$C)-(1/1)#
%+41$"41#M-"#(5Wt;#8+-B/'1#8"$)')1"$#G#(/#,+')#0/4)#("#)+(#"1#(")#0CE"&1'+4)#8"40/41#8(-)#05-4#
/4I#)/4)#M-"#(5+4#8-'))"#&"8"40/41#$C"(("%"41#8/$("$#'&'#05/&&-%-(/1'+4#0/4)#(5"4B'$+44"%"41:#
."8"40/41I#"4#/D)"4&"#0"#$+1/1'+4#0")#/4'%/-<#05-4"#8`1-$"#G#(5/-1$"I#"1#)'# ("#1$/'1"%"41#0-#
DC1/'(#G#(5Wt;#C1/'1#",,"&1-C#0"#%/4'9$"#)F)1C%/1'M-"#"1#)"(+4#-4#$F16%"#1$+8#$/88$+&6C#T0"-<#
G# 1$+')# ,+')#8/$# /4I#8/$# "<"%8("VI#+4#8+-$$/'1# "4B')/>"$#M-5'(# 8-'))"# F# /B+'$# &"11"# ,+')@&'# -4#
",,"1# &-%-(/1',# 1+<'M-"# 0"# &"11"# %+(C&-("I# /B"&# 0")# $C8"$&-))'+4)# 8+))'D(")# )-$# 05/-1$")#
'4B"$1CD$C)#8(-)#>C4C$/(')1"):#
2.5.2.2 Structure 
# Y$9)# 8"-# 0"# D+-)'"$)# +41# C%"$>C# 0/4)# (")# &/>")# 05'41"$&"81'+4I# &"# M-'# "<8('M-"# M-"#
4+-)# 45/F+4)# 8/)# 8$C)"41C# (")# $C)-(1/1):# A")# $/')+4)# 0"# &"11"# ,/'D("# C%"$>"4&"# +41# 0CEG# C1C#
0')&-1C")#8$C&C0"%%"41:##
# S+)#$C)-(1/1)#%+41$"41#M-"I#0/4)#1+-)#(")#&/)I#(")#D$/&6F&9$")#)+41#8(-)#)"4)'D(")#/-<#
",,"1)# 0"# (5Wt;# M-"# (")# 4C%/1+&9$")I# %/')# /B"&# 0")# 1"40/4&")# 0',,'&'(")# G# '41"$8$C1"$:# A")#
D+-)")# &+41"4/41# -4'M-"%"41# 0-# )+(B/41# T/&C1+4"V# +41# &+40-'1# G# -4"# ,/'D("# C%"$>"4&":# A"#
%C(/4>"# /B"&# ("# )+(B/41# /'4)'# M-"# ("# 1"%8)# 05CB/8+$/1'+4# 8"-B"41# "41$/l4"$# -4"# 8"$1"# 0"#
&+%8+)C)#B+(/1'()#"1#0+4&#05/11$/&1'B'1C#0")#D+-)"):##
# A")#$C)-(1/1)#/%D'>-)#0"#&"11"#0C%/$&6"#"<8C$'%"41/("#8/$#'4E"&1'+4#0'$"&1"#'40'M-"41#
M-"#)+4#-1'(')/1'+4#)-$#("#1"$$/'4#")1#&+%8('M-C":#24#",,"1I#8/$#&+%8/$/')+4#/B"&#(")#C1-0")#"4#
(/D+$/1+'$"I#(")#B+(-%")#0"#0CE"&1'+4)#4C&"))/'$")#)+41#8(-)#'%8+$1/41)#"1#4C&"))'1"41#-4#1"%8)#
8(-)#(+4>#0"#B"41'(/1'+4#TCB/8+$/1'+4#0-#)+(B/41V:#^$I#)-$#("#1"$$/'4I#(5/11$/&1'B'1C#0")#0C8]1)#")1#
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"))"41'"(("# 8-')M-5"(("# &+40'1'+44"# (/# &+(+4')/1'+4# 0")# 0CE"&1'+4)# "1# 0+4&# (/# &+%8+)'1'+4#
)8C&','M-"#0")#/))"%D(/>"):######
'
2.5.3!Colonisation 
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'4)1/41)# T8/$,+')# M-"(M-")# )"&+40")V# /8$9)# ("-$# C%'))'+4# T=&'/$'0/"I# =&/1+8)'0/"I#
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8$C0/1"-$)#T4+1/%%"41#b')1"$'0/"#"1#=1/86F('4'0/"V#T;+6$I#deHfn#?+)L"(/#p#b/4)L'I#dehhV:#
A/# M-/('1C# "1# (/# M-/41'1C# 0"# (/# $"))+-$&"# )+41# 8(-)# '%8+$1/41")# /-# 0CD-1# 0-# 8$+&"))-)# 0"#
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&+(+4')/1'+4#0")#0'B"$)# '4)"&1")#0"#(/#&+%%-4/-1C#G#8/$1'$#0"#("-$)#C%"$>"4&"):#A/#%/E"-$"#
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&+8$+86/>")I#/B"&#-4"#&+(+4')/1'+4#8(-)#1/$0'B"#8+-$#(")#8$C0/1"-$)#"1#8/$/)'1+s0"):#
A+$)#0"#4+1$"#C1-0"I#(/#&+(+4')/1'+4#8/$#(")#0'819$")#)5")1#,/'1"#8$'4&'8/("%"41#/-#&+-$)#
0"# (/# 8$"%'9$"# )"%/'4"# /8$9)# ("# 0C8]1:#."11"# &+-$1"# 8C$'+0"# 0"# &+(+4')/1'+4# ")1# &"(("# M-'# /#
8"$%')#0"#&+(("&1"$#("#8(-)#>$/40#4+%D$"#0"#0'819$")#TC%"$>"4&")V:#Z"-<#6F8+169)")#8"-B"41#
71$"#/B/4&C")#8+-$#"<8('M-"$#M-"#%+'4)#05'40'B'0-)#C%"$>"41)#/'"41#C1C# $"&-"'((')#/8$9)#-4"#
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)-$#(5"<&$C%"41#T;+6$I#deHfn#?+)L"(/#p#b/4)L'I#dehhVI#D'"4#/B/41#(/#,+$%/1'+4#0"#(/#&$+k1"#
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4+1/%%"41#0"#I&',9!9&0&:49-('#Z"#3""$I##M-'#/$$'B"#1$9)#$/8'0"%"41#)-$#(")#D+-)")#,$/'&6")#
"1#0+41# (/#0-$C"#0"#0CB"(+88"%"41#T"41$"#(/#8+41"#"1# (5C%"$>"4&"#0")#/0-(1")V#")1#0"#(5+$0$"#
05-4"#0'R/'4"#0"#E+-$)#/-#(/D+$/1+'$"#G#oH|.#TA-%/$"1I#&+%%:#8"$):V:#A5'4)1/((/1'+4#0")#&/>")#
05C%"$>"4&"#G#(5'))-"#0"#f#)"%/'4")#0"#&+(+4')/1'+4#45/#8"$%')#05'41"$&"81"$#M-"#(")#0"$4'"$)#
'40'B'0-)# $"1/$0/1/'$"):# A"# 4+%D$"# M-/)'# )"%D(/D("# 05'41"$&"81'+4# 0"# 0'819$")# /8$9)# -4"# +-#
0"-<#)"%/'4")#0"#&+(+4')/1'+4#)5"<8('M-"#C>/("%"41:#A")#0'819$")#)+41#0")#&+(+4')/1"-$)#1$9)#
8$C&+&")I#M-'#8+40"41#G#(/#)-$,/&"I#+-#)+-)#(/#)-$,/&"#0")#D+-)")#(+$)M-"#&"((")@&'#)+41#"4&+$"#
1$9)# ,$/l&6"):#A/#8+41"#&"))"# (+$)M-5-4"#&$+k1"# )"# ,+$%"#"4#)-$,/&":#Z/4)#&")#&+40'1'+4)I# (/#
8+41"#/#('"-#1$9)#1]1#TM-"(M-")#6"-$")#+-#M-"(M-")#E+-$)#/-#%/<'%-%I#)"(+4#(5C1/1#0"#(/#D+-)"V#
"1#(")#%+-&6")#4"#B'"40$+41#8/)#8+40$"#/8$9)I#%7%"#)'#(/#&+(+4')/1'+4#0")#D+-)")#")1#"4&+$"#
8+))'D("#0-$/41# (/#)"&+40"#)"%/'4":#.+%%"#(/#0-$C"# 1+1/("#0-#0CB"(+88"%"41#0"# (/#8(-8/$1#
0")#")89&")#")1#05"4B'$+4#o#)"%/'4")I#&"(/#"<8('M-"#M-"#(")#8'9>")#05'41"$&"81'+4#0')8+)C)#G#(/#
,'4#0"#(/#8$"%'9$"#+-#G#(/#,'4#0"#(/#)"&+40"#)"%/'4"#&/81-$"41#(/#%7%"#&+6+$1"#0"#%+-&6")#
T/B"&#u-,)# 8+40-)# /-# 0CD-1I# )/4)# C1/("%"41# 0"# (/# 8C$'+0"# 0"# 8+41"VI# 05+v# 0")# &6',,$")# 0"#
&/81-$")# &+%8/$/D(")# ThH# "1# qo# 0'819$")# &/81-$C)# "4# %+F"44"# 8/$# 8'9>"# 8+-$# -4"# "1# 0"-<#
)"%/'4")#0"#&+(+4')/1'+4#$")8"&1'B"%"41V:#A")#"<1$/8+(/1'+4)#)-$#(")#1'%'4>)#05C%"$>"4&"#4"#
8$"44"41# 1+-1",+')# 8/)# "4# &+%81"# (")# '41"$/&1'+4)# "41$"# (")# +$>/4')%")# /-# )"'4# 0"# (/#
&+%%-4/-1C:#A/#)"&+40"#6F8+169)"#")1#M-5-4"#8C$'+0"#8(-)#(+4>-"#0"#&+(+4')/1'+4#)"#,/'1#/-#
DC4C,'&"# 0")# 8$C0/1"-$)# "1# 8/$/)'1+s0")# M-'# &+(+4')"41# 8(-)# 1/$0'B"%"41# (")# D+-)"):# A/#
&+(+4')/1'+4#8/$#&")#0'B"$)#>$+-8")#1/<+4+%'M-")#$C0-'$/'1#/(+$)#(/#)-$B'"#(/$B/'$"#0")#0'819$")#
"1#0+4&#("-$#1/-<#05C%"$>"4&":#K'0)0'((@=%'16#"1#;/116'"))"4#TdegHV#+41#4+1/%%"41#$/88+$1C#
M-"I#(+$)M-"#&"$1/'4")#")89&")#0"#D+-)'"$)#TF406%/69D&'!8#)%G#Tb/$:V#+-#F4(0('!9-#G('#T?(->VV#
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TN'44#p#3'11'4>)I#orrfV:##
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("-$)#6]1")#T8$'4&'8/("%"41#(/$B")#+-#8-8")#0"#0'819$")V#0+'B"41#71$"#8$C)"41):#Z")'9$"#TdehHV#
/#1+-1",+')#'40'M-C#M-"#(/#4'&6"#1"%8+$"(("#0"#&+(+4')/1'+4#0")#)1/86F('4)#C1/'1#1$9)#C1$+'1"#"4#
$/')+4# 0-# $/8'0"# 0CB"(+88"%"41# 0"# ("-$)# 8$+'"):# S+)# $C)-(1/1)# &+4,'$%"41# (/# $/8'0"#
&+(+4')/1'+4# /-# &+-$)# 0"# (/# 8$"%'9$"# )"%/'4"# /8$9)# ("# 0C8]1# 0")# D+-)")I# %/')# &"$1/'4)#
)1/86F('4)#45/$$'B"41#M-5/-#&+-$)#0"#(/#0"-<'9%"#)"%/'4":#*/$#&+%81"#'()#4"#8/$/'))"41#8(-)#
&+(+4')"$#(")#D+-)")#(+$)#0"#(/#1$+')'9%"#)"%/'4"#"1#'(#/88/$/l1#M-5G#(5'4)1/$#0")#0'819$")I#-4"#
8/$1'"# 0")# 8"1'1")# ")89&")# 0"# )1/86F('4)# /B/'"41# 1"$%'4C# ("-$# 0CB"(+88"%"41# "1# C1/'"41# 0CEG#
8/$1')# /B/41# (5'4)1/((/1'+4# 0")# 8'9>")# G# C%"$>"4&":# *(-)'"-$)# C1-0")# +41# "4# ",,"1#%+41$C# M-"#
&"$1/'4")#")89&")#0"#)1/86F('4)#/B/'"41#-4#0CB"(+88"%"41#$/8'0"I#05-4"#0-$C"#'4,C$'"-$"#G#f#
)"%/'4")I# &"# M-'# &+4,+$1"# 4+1$"# 6F8+169)"# 05-4# 0C8/$1# 0")# '40'B'0-)# D'"4# /B/41# (/#%')"# "4#
8(/&"#0")# &/>")#05C%"$>"4&"# TQ)6"I#deern#b/4("F#p#3++0$'&6I#deeHn#3++0$'&6#p#b/4("FI#
deemn#b-#p#N$/4LI#deemn#2&6">/$/F#O'()+4I#ordoV:##
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2.6!Synthèse de l’expérimentation multi-sites 
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2.6.1!Introduction 
# A")#C1-0")#C&+1+<'&+(+>'M-")#"4#&6/%8#+41#C1C#&+%%/40'1C")#8/$#(5Q>"4&"#NC0C$/("#
Q(("%/40"#TUPQ#*$+E"&1@S+:#N?z#fhdrqfHdoV#8+-$#C1-0'"$#(/#,/')/D'('1C#0"#1")1)#0"#4'B"/-#
)-8C$'"-$#"4#&+40'1'+4)#4/1-$"(("):#*+-$#&"#,/'$"I#8(-)'"-$)# (/D+$/1+'$")#TQ(("%/>4"I#./4/0/I#
*/F)@P/)I# =-'))"# "1# N$/4&"V# +41# C1C# /))+&'C)# 8+-$# CB/(-"$# (/# $"8$+0-&1'D'('1C# 05-4# 8$+1+&+("#
)1/40/$0#0/4)#0")#$C>'+4)#&('%/1'M-")#0',,C$"41"):#Z"-<#8$'4&'8/-<#D-1)#+41#C1C#'0"41','C)#\##
Q:# 2(/$>'$# (/# &+44/'))/4&"# 0")# ",,"1)# 0"# (5Wt;# )-$# (/# )1$-&1-$"# 0")# &+%%-4/-1C)#
05'4B"$1CD$C)#0")#"<&$C%"41)#"1#0-#)+(:#
P:# W41C>$"$#(")#4+-B"((")#'4,+$%/1'+4)#0/4)#(")#8(/4)#"<')1/41)#05CB/(-/1'+4#"1#0"#>")1'+4#
0")#$')M-")#8+-$#(5Wt;#"1#/-1$")#/41'8/$/)'1/'$"):##
#
.")#+DE"&1',)#+41#C1C#8$C&')C)#"1#,+$%-(C)#"4#8(-)'"-$)#M-")1'+4)#\#
d:# 2)1@&"#M-"#(5-1'(')/1'+4#05Wt;#&/-)"#0")#",,"1)#G#(+4>#1"$%"#)-$#(/#0'B"$)'1C#0"#(/#,/-4"#
&+8$+86'("# # 24# 8/$1'&-('"$I# M-"(("# ")1# (/# 8"$)')1/4&"# 0"# (5'%8/&1# 1+<'M-"# 0")# "<&$C%"41)#
&+41/%'4C)##
o:# 2<')1"@1@'(#-4"#0',,C$"4&"#0"#)"4)'D'('1C#"41$"#(")#")89&")#1")1C")#"4#(/D+$/1+'$"#"1#&"((")#
&+(("&1C")# (+$)# 05C1-0")# 0"# 1"$$/'4# A")# ")89&")# )1/40/$0# )+41@"((")# $"8$C)"41/1'B")# 0"# (/#
&+%%-4/-1C#&+8$+86'("#####
f:# ^D)"$B"@1@+4# -4# $C1/D('))"%"41# 0")# 8+8-(/1'+4)# "1# 8"-1@+4# 0')1'4>-"$# -4#
$C1/D('))"%"41#'41"$4"#05-4"#)'%8("#'%%'>$/1'+4###
H:# 2)1@&"# M-"# (")# %")-$")# 0"# $C0-&1'+4# 0")# $')M-")# "4B'$+44"%"41/-<# "<')1/41")#
>/$/41'))"41# (/#8$C)"$B/1'+4#0"# (/# ,/-4"#&+8$+86'("##2)1@'(#8+))'D("#05-1'(')"$#"4#$+-1'4"#0")#
/41'8/$/)'1/'$")I#1+-1#"4#>C$/41#(")#8`1-$/>")#0"#%/4'9$"#0-$/D("##
#
# A5CB/(-/1'+4#0")#$')M-")#/#8$')#"4#&+%81"#(")#",,"1)#0"#(5Wt;#G#(/#,+')#)-$#(/#)1$-&1-$"#
"1#(")#,+4&1'+4)#0")#&+%%-4/-1C)#&+8$+86'(")#T,+4&1'+44"%"41#0/4)#("#&6/8'1$"#)-'B/41V:#P'"4#
M-5-4#&"$1/'4#4+%D$"#0"#1$/B/-<#8+$1"41#)-$#0")#C1-0")#"4#&6/%8#TA-%/$"1#"1#/(:I#ordoVI#("-$)#
8$+1+&+(")I#0-$C")#"1#%")-$")#0',,9$"41#1$+8#)+-B"41#&"#M-'#$"40#0',,'&'("#-4"#'41"$8$C1/1'+4#G#
8(-)#>$/40"#C&6"(("#"1#(/#>C4C$/(')/1'+4#0")#$C)-(1/1):#A")#C1-0")#&+40-'1")#0/4)#&"#8$+>$/%%"#
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$/))"%D("41# 0")# /&1"-$)# 0"# 0',,C$"41)# 8/F)# -1'(')/41# -4"# %7%"# 8$+&C0-$"# )1/40/$0# 0C,'4'"#
"4)"%D("#"1#B/('0C"#(+$)#05-4#/1"('"$#+$>/4')C#G#;+418"(('"$#"4#%/$)#ordd:##
2.6.2!Matériel et méthodes 
2.6.2.1 Sites d’étude 
# Z',,C$"41")#'4)1'1-1'+4)#8/$1'&'8/41#/-#8$+>$/%%"#Z^YY=#+41#&+41$'D-C#G#&"#1$/B/'(#G#
8(-)#(/$>"#C&6"(("#n#2.Y#^"&+1+<'&+(+>'"#3%Db#G#N(J$)6"'%#"4#Q(("%/>4"#T8'(+1C#8/$#!+"$>#
K+"%DL"V#n#Q(1"$$/#G#O/>"4'4>"4#/-#*/F)@P/)#T8'(+1C#8/$#!++)1#A/6$V#n#U4'B"$)'1F#+,#z-$'&6@
W$&6"(# "4# =-'))"# T8'(+1C# 8/$# O+(,# P(/4&L"46+$4V# n# !-)1-)@A'"D'>@U4'B"$)'1F# G# 3'"))"4# "4#
Q(("%/>4"# T/4/(F)")# &6'%'M-")V# T8'(+1C# 8/$#;/4-"(#O+60"Vn# Q>$'&-(1-$"# /40#Q>$'@N++0# G#
A"16D$'0>"#/-#./4/0/#T8'(+1C#8/$#?"B'4#N(+/1"V#"1#(5U4'B"$)'1C#*/-(#t/(C$F#;+418"(('"$#f:#A")#
8$'4&'8/(")#&/$/&1C$')1'M-")#0")#0',,C$"41)#)'1")#05C1-0"#)+41#$C)-%C")#0/4)#("#1/D("/-#f:#A"-$)#
&+40'1'+4)# &('%/1'M-")# 0',,9$"41# &(/'$"%"41# "4# 1"$%")# 0"# 1"%8C$/1-$"# T;+418"(('"$# B)#
A"16D$'0>"# "1# z-$'&6V# "1# 0"# 8$C&'8'1/1'+4)# /44-"((")# Tz-$'&6# B)# A"16D$'0>"V:# A")# &+40'1'+4)#
8C0+(+>'M-")# B/$'"41# C>/("%"41# "4# 1"$%")# 0"# 8bI# 0"# 1"4"-$# "4# %/1'9$"# +$>/4'M-"# "1# 0"#
>$/4-(+%C1$'":# */$# &+41$"# (/# &+%8+)'1'+4# ,/-4')1'M-"# C1/'1# $"(/1'B"%"41# 6+%+>94"I# 0"#
4+%D$"-)")#")89&")#C1/41#&+%%-4")#G#1+-)#(")#)'1")#0"#8/$1#"1#05/-1$"#0"#(5Q1(/41'M-":#Q'4)'#
(/# 8(-8/$1# 0")# ")89&")# 0"# &+8$+86/>")# 8$C)"41")# G#A"16D$'0>"# TQ(D"$1/I#./4/0/V# C1/'"41# (")#
%7%")#M-"#&"((")#$"4&+41$C")#G#=/'41#;/$1'4#0"#A+40$")#+v#4+-)#/B+4)#1$/B/'((C#TA-%/$"1#p#
?'$LI#deghn#N(+/1"#p#?/0'$'I#ordfn#?/0'$'#"1#/(:I#ordHV:#
#
#
#
#
#
#
#
#
#
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#
K'D,&'(!b"!B'1'20$1)%0)I(&%!2,)*'0)I(&%!&0!+13+1)$0$%!.(!%3,!.&%!.)--$1&/0%!%)0&%!.6$0(.&;!
Site / Paramètres du sol Montpellier  Zurich Wageningen Lethbridge 
Pays France  Suisse Pays-Bas Canada  
Coordonnées 
43°79’33.40 N; 
3°73’18.75 O  
47°23’44.87 
N;  
8°33’02.62 O 
51°59’32.16 N; 
5°39’39.82 O 
49°41’25.46 N; 
112°46'26.15 W 
Utilisation du sol 
Bande enherbée 
en bordure de 
prairie semée   
En bordure de 
prairie 
Prairie (depuis 
2006) 
Prairie pour le 
bétail 
Precipit. ann. (mm/an) 1061  1123 846 365 
Temp. ann. moyenne 
(°C) 13,9  7,9 10,5 5,8 
pH (méthode CaCl2) 7,6  7,4 5,2 7,3 
Matière organique (%) 3,1  4,6 2,9 6,2 
Densité (g/L) 1149  1254 1449 987 
Capacité de retention 
d’eau max 48,0  47,6 34,2 60,7 
Carbone  16,75  24,28 12,55 27,35 
Azote 1,646  3,018 1,009 2,747 
Rapport C/N  10,18  8,05 12,44 9,96 
Texture du sol  Limon argileux  
Limon 
argileux Sable pur 
Limon 
faiblement 
argileux 
 
2.6.2.2 Protocole expérimental 
=-$#&6/M-"#)'1"#05C1-0"I#+41#C1C#$C/(')C")#)'%-(1/4C%"41#0")#"<8C$'"4&")#)1/40/$0')C")#
)-$# (")# ",,"1)# 0"# (5Wt;# )-$# (/# )1$-&1-$"# 0"# (/# &+%%-4/-1C# &+8$+86'(":# A")# "<&$C%"41)#
&+41/%'4C)# +D1"4-)# G# (/# )-'1"# 0-# 1$/'1"%"41# "4# *+-$@+4# 0-# DC1/'(I# 4C&"))/'$")# /-<# 0C8]1)#
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-(1C$'"-$)I# +41# C1C# &+(("&1C)# G# A"16D$'0>"# 8+-$# ("-$# 8$+8$"# -1'(')/1'+4# "1# G#;+418"(('"$# 8+-$#
(5"4)"%D("#0")#)'1")#0"#z-$'&6I#O/>"4'4>"4#"1#;+418"(('"$:#A")#"<&$C%"41)# 1C%+'4)#+41#C1C#
&+(("&1C)#/B/41#(5/0%'4')1$/1'+4#0"#(5Wt;#8-')#0")#,9&")#+41#C1C#8$C("BC")#G#fI#hI#dHI#og#E+-$)#
T"1# mq# E+-$)#8+-$#A"16D$'0>"V# /8$9)# ("# 1$/'1"%"41# TZ*QV:#24# $/')+4#05-4# 1$9)# ,/'D("#4+%D$"#
05C%"$>"4&")#(+$)#05-4"#8$"%'9$"#)/')+4I#(5"<8C$'"4&"#/#C1C#$C8('M-C"#/-#./4/0/#"4#ordo:#
Q#A"16D$'0>"I#O/>"4'4>"4#"1#z-$'&6I#(")#0C8]1)#0"#D+-)"#0")#0',,C$"41)#1$/'1"%"41)#+41#
C1C# ",,"&1-C)# )-$#0")# /))'"11")# &+41"4/41#o# &%#0"# )/D("#6-%'0"I#8"$,+$C")#8+-$#8"$%"11$"# ("#
0$/'4/>":# Q#;+418"(('"$I# "4# $/')+4# 05-4"# 8(-)# >$/40"# &+%%-4/-1C# 0"# ,+-'))"-$)I# 0")# 8+1)#
T&/8/&'1C# hAI# om# &%# 0"# 6/-1I# dm# &%# 0"# 0'/%91$"V# +41# C1C# "41"$$C)# /-# 8$C/(/D("# E-)M-5G# (/#
)-$,/&"#8-')#$"%8(')#0"#1"$$"#)-$#(/M-"(("#/#C1C#0C8+)C#(5"<&$C%"41:#A")#0C8]1)#+41#"4)-'1"#C1C#
('D$"%"41#&+(+4')C)#8"40/41#-4"#)"%/'4"#/B/41#0571$"#$C&-8C$C)#"1#/%"4C)#/-#(/D+$/1+'$"#8+-$#
(")# )'1")# 0"# A"16D$'0>"I# O/>"4'4>"4# "1# z-$'&6# "1# /B/41# M-"# )+'"41# '4)1/((C)# (")# 8'9>")# G#
C%"$>"4&"#)-$#("#1"$$/'4#G#;+418"(('"$#TN'>:#hV:#Q-#(/D+$/1+'$"I#(")#0C8]1)#+41#C1C#8(/&C)#0/4)#
0")#8'9>")#G#C%"$>"4&"#8"40/41#f#%+'):##
 
2.6.3!Résultats et discussion  
2.6.3.1 Considérations méthodologiques 
A")# &+40'1'+4)# &('%/1'M-")# '4,(-"4&"41# ,+$1"%"41# (/# )1$-&1-$"# 0")# &+%%-4/-1C):# 24#
$/')+4#05-4#8$'41"%8)#8/$1'&-('9$"%"41#)"&#G#;+418"(('"$I#("#,/'D("#4+%D$"#0"#B"$)#0"#1"$$"#"1#
0"#&+(("%D+(")#45/#8/)#8-#71$"#8$')#"4#&+%81":#A56')1+$'M-"#0-#)'1"#0+'1#0+4&#71$"#&+4)'0C$C#
/11"41'B"%"41# 8+-$# )C("&1'+44"$# -4# >$+-8"# 05+$>/4')%")# G# C&6/41'((+44"$:# Q-# ./4/0/I# (")#
>(/&'/1'+4)# M-/1"$4/'$")# +41# C$/0'M-C# (/# 8(-8/$1# 0")# ")89&")# "40C%'M-")# M-'# +41# C1C#
$"%8(/&C")# 8/$# 0")# ")89&")# "-$+8C"44")I# '41$+0-'1")# /B"&# (/# 1"$$"# )"$B/41# 0"# D/((/)1# 0")#
D/1"/-<# '(#F#/#"41$"#orr#"1#Hrr#/4):#A5C&6/41'((+44/>"#0")#+$>/4')%")#0-#)+(#0+'1#0+4&#71$"#
0C&'0C# /-# &/)# 8/$# &/)# "1# 4C&"))'1"$/'1# ("# 0CB"(+88"%"41# 0"# 1"&64'M-")# 0"# D/$&+0'4># /,'4# 0"#
0'%'4-"$#(5",,+$1#0"#0C1"$%'4/1'+4#M-"#4C&"))'1"41#&")#1/<+4):#
A/# )-'1"# 0")# $C)-(1/1)# )"$/# 8$C)"41C"# "4# $C8+4)"# /-<# M-")1'+4)# ,+$%-(C")# 0/4)#
(5'41$+0-&1'+4:##
d:# 2)1@&"#M-"# (5-1'(')/1'+4#05Wt;#"41$/'4"#0")# ",,"1)# G# (+4># 1"$%"# )-$# (/#0'B"$)'1C#0"# (/#
,/-4"#&+8$+86'("##24#8/$1'&-('"$I#M-"(("#")1#(/#8"$)')1/4&"#0"#(5'%8/&1#1+<'M-"#0")#"<&$C%"41)#
&+41/%'4C)##
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A")# ",,"1)# 0"# (5Wt;# )-$# (")# 0',,C$"41)# +$>/4')%")# /))+&'C)# /-<# "<&$C%"41)# )+41#
$C)-%C)# 0/4)# ("# 1/D("/-# H:# A")# +$>/4')%")# +41# C1C# $C8/$1')# /B"&# 1$+')# &+0")# 0"# &+-("-$# "4#
,+4&1'+4# 0"# (5",,"1# 0-# 1$/'1"%"41# \# $+->"# 8+-$# (")# ",,"1)# )'>4','&/1',)I# B"$1# 8+-$# (")# 4+4@
)'>4','&/1',)#"1# E/-4"#8+-$# (")# '41"$%C0'/'$")# T4C&"))'1/41#0"#8(-)#/%8(")#C1-0")V:#."1#/8"$_-#
8"$%"1# 05C1/D('$# M-"# (5Wt;# /# -4# ",,"1# (+4># )-$# 0',,C$"41)# >$+-8")# 05+$>/4')%")# "1# "4#
8/$1'&-('"$# (")# 0'819$"):# A5'%8/&1# )-$# (")# )"8)'0")# "1# (")# )86/"$+&C$'0")# ")1# 1$9)# '%8+$1/41#
%7%"# /B"&# (")# &+4&"41$/1'+4)# ,/'D(")# "4# Wt;# TrIrd# @# rIrm# %>{L># "4# 8+'0)# )"&V# +D1"4-")#
M-/1$"#)"%/'4")#/8$9)#("#1$/'1"%"41#TE-)M-5G#g#)"%/'4")#/-#./4/0/V:#A")#D+-)")#&+(("&1C")#/-#
&+-$)#0"#(/#8$"%'9$"#)"%/'4"#/8$9)#("#1$/'1"%"41#0")#D+B'4)#)+41# $"(/1'B"%"41#1+<'M-")#8+-$#
-4# >$/40# 4+%D$"# 0"# &+(C+819$")I# 8/$%'# (")M-"()# (")# D+-)'"$)I# (")# 6F0$+86'('0")# "1# (")#
)1/86F('4):#A")#6F%C4+819$")#+41I#M-/41#G#"-<I#%+41$C#-4"#)"4)'D'('1C#'41"$%C0'/'$":##
A")# $C)-(1/1)# )-$# (")#+$>/4')%")#0-#)+(#)+41#8(-)#/%D'>-)I# (/'))/41#8"4)"$#M-5'()#)+41#
%+'4)#)"4)'D(")#M-"#(")#'4)"&1")#&+8$+86'("):#Y+-1",+')I#(")#&+4&"41$/1'+4)#0/4)#("#)+(#C1/'"41#
D'"4# 8(-)# ,/'D(")# M-"# 0/4)# (")# "<&$C%"41)# "1# -4"# /&&-%-(/1'+4# 05Wt;# 0/4)# ("# )+(# 8+-$$/'1#
"41$/l4"$#0")#",,"1)#8(-)#'0"41','/D("):##
#
#
#
#
#
#
#
#
#
#
#
#
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#
K'D,&'(!?!"!`+&1g(!.&%!&--&0%!.&!,6WXY!N!.)--$1&/0&%!23/2&/01'0)3/%!8&/!*5;e5
EH
!.&!+3).%!%&2@!
%(1!,&%!.)--$1&/0%!513(+&%!0'43/3*)I(&%<!%&,3/!,&%!%)0&%!.6$0(.&!"!%)5/)-)2'0)-%!&/!13(5&<!/3/E
%)5/)-)2'0)-%!&/!J&10!&0!)/0&1*$.)')1&%!&/!P'(/&;!
a15;!
h13(+!
Y3/0+&,,)&1! ! i(1)27! ! f'5&/)/5&/! ! Z&07D1).5&! ! `,,!
><>Q! ><S^! =<?V! =<V?! ! ><>Q! ><S^! =<?V! =<V?! ! ><>Q! ><S^! =<?V! =<V?! ! ><>=! ><>S! ><bQ! U<SV! Q<>b! ! Z3jèk)57!
:&&0,!
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '  
nE2%6' Z`' Z`' Z`' Z`' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '  
Q4"0"2' Z`' Z`' Z`' Z`' ' ' ' ' ' ' Z`' Z`' Z`' Z`' ' ' ' ' ' ' ' ' ' '  
`/96' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '  
d4-/9' ' ' ' ' ' ' ' ' ' ' NA NA NA NA ' ' ' ' ' ' ' ' ' '  
A,)&%!
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '  
D&5"' Z`' Z`' Z`' Z`' ' ' ' ' ' ' ' ' ' ' ' Z`' Z`' Z`' Z`' Z`' ' ' ' '  
D9"%6' Z`' Z`' Z`' Z`' ' ' ' ' ' ' ' ' ' ' ' Z`' Z`' Z`' Z`' Z`' ' ' ' '  
d&/,"' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '  
d/9-&' ' ' ' ' ' Z`' Z`' Z`' Z`' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '  
f'%+!
' ' ' ' ' ' ' ' ' ' Z`' Z`' Z`' Z`' ' Z`' Z`' Z`' Z`' Z`' ' ' ' '  
L'107;!
Z`' Z`' Z`' Z`' ' ' ' ' ' ' ' ' ' ' ' Z`' Z`' Z`' Z`' Z`' ' ' ' '  
B3,,;;!
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '  
<&&40')'D60&6/4&%-'^'nE2%6')'nE2%6/9"0"2-&'^'Q4"0"2')'Q4"0""2-&'^'`/96')'`/962""2-&'^'d4-/9')'d4-/9E0"3"2-&'^'!0"&,')'R"/4&%-'^'D&5E')'
D&5"26.E""2-&'^'D9"%6')'D9"%636."2-&>'d&/,"')'d&/,"2-&'^'d/9-&')'d/9-&%65&%"2-&'^'e-,/')'nE.&36/4&%-'^'_-%49')'_-%49r6%.,'^'
D600')'D600&.F60-'
!
oI# 2<')1"@1@'(#-4"#0',,C$"4&"#0"#)"4)'D'('1C#"41$"#(")#")89&")#1")1C")#"4#(/D+$/1+'$"#"1#&"((")#
&+(("&1C")# (+$)# 05C1-0")# 0"# 1"$$/'4# # A")# ")89&")# )1/40/$0# )+41@"((")# $"8$C)"41/1'B")# 0"# (/#
&+%%-4/-1C#&+8$+86'("#####
A")# $C)-(1/1)# 0")# 1")1)# "4# (/D+$/1+'$"# 8"-B"41# 71$"# >(+D/("%"41# &+%8/$C)#
M-/41'1/1'B"%"41# /B"&# (")# ",,"1)# 0C1"$%'4C)# )-$# ("# 1"$$/'4:# A")# 0'819$")# B,906%/69D9!
'0#),%)9)(9#"1#I&',9!9&0&:49-('I#(")#")89&")#0"#D+-)'"$)#0-#>"4$"#C/6%+(&'#"1#F406%/69D&'!
09&)&'I#(")#(+%D$'&'"4)#M('#4(9!8#0(+9T94+)#(#"1#*%-'%:(9!,94+(+9#+41#0CEG#C1C#-1'(')C)#&+%%"#
")89&")#1")1)#)1/40/$0#"4#(/D+$/1+'$":#A")#",,"1)#)-$#(")#0'819$")#)"#)+41#/BC$C)#0-#%7%"#+$0$"#
0"#>$/40"-$#/-#&6/%8#M-5"4#(/D+$/1+'$":#Q#(5"<&"81'+4#0"#z-$'&6I#(")#)"8)'0")#)"#)+41#$CBC(C)#
71$"#("#>$+-8"#("#8(-)#)"4)'D("I#)-'B'#8/$#(")#)86/"$+&C$'0"):#.")#0'819$")#0"B$/'"41#71$"#8$')#"4#
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&+4)'0C$/1'+4#&+%%"#>$+-8")#1")1)#"4#(/D+$/1+'$"I# 1"(#M-"#&"(/#/#C1C#8$+8+)C#$C&"%%"41#8/$#
P(/4&L"46+$4#"1#/(:#Tordf/V:##
A/#)"4)'D'('1C#0")#D+-)'"$)#0',,9$"#M-"(M-"#8"-#"41$"#(")#)'1")#T/86+0'"4)#1$9)#)"4)'D(")#
G# O/>"4'4>"4# "1# 1$9)# 8"-# G# A"16D$'0>"VI# &"# M-'# $"40# 8(-)# &+%8("<"# (5'41"$8$C1/1'+4:# 24#
>C4C$/(# (")# 1")1)# "4# (/D+$/1+'$"#8"$%"11"41#0"#0C&"("$#0")#4'B"/-<#8(-)# ,/'D(")#0"# )"4)'D'('1C#
M-5-4"#C1-0"#)-$#("#1"$$/'4:#K+"%DL"#"1#/(:# TordoV#+41#4+1/%%"41#%")-$C#-4"#&+4&"41$/1'+4#
"4#Wt;#",,'&/&"#%C0'/4"#T2.mrV#0"#rIdq#%>{L>#"4#8+'0)#)"&#8+-$#(")#D+-)'"$):##
Z/4)#("#&/)#0")#+$>/4')%")#0-#)+(I#(")#1")1)#"4#(/D+$/1+'$"#)+41#8$+1"&1"-$)I#&5")1@G@0'$"#
M-"#(")#B/("-$)#8+-$#(")M-"((")#0")#",,"1)#)+41#0C&"(/D(")#)+41#D/))"):#Y+-1",+')I#0")#1")1)#)-$#
("#1"$$/'4#8+-$$/'"41#71$"#0CB"(+88C)I#4+1/%%"41#)-$#(")#&+(("%D+(")#M-'#+41#0CEG#%+41$C#-4"#
>$/40"#)"4)'D'('1C#G#(5Wt;#0/4)#&"#1F8"#0"#)'1-/1'+4#T!"4)"4#p#=&+11@N+$0)%/40I#ordoV:##
24,'4I# /-&-4# 1")1# )1/40/$0# 45"<')1"# "4&+$"# 8+-$# (")# )1/86F('4)# "1# (")# %'&$+@
6F%C4+819$")# %/')I# /-# B-# 0")# $C)-(1/1)# %+41$/41# -4"# &"$1/'4"# )"4)'D'('1CI# &"$1/'4)# 0"# &")#
+$>/4')%")#8+-$$/'"41#71$"#8$+8+)C)#&+%%"#")89&")#1")1):#
#
f:# ^D)"$B"@1@+4#-4#$C1/D('))"%"41#0")#8+8-(/1'+4)#"1#8"-1@+4#0')1'4>-"$#("#$C1/D('))"%"41#
'41"$4"#0"#(5'%%'>$/1'+4###
A/# %+$1/('1C# 0"# (5"4)"%D("# 0")# )"8)'0")# /-# &+-$)# 0")# M-/1$"# 8$"%'9$")# )"%/'4")#
)-'B/41# ("# 1$/'1"%"41# 0"# (5Wt;#4"# 8"$%"1# 8/)# G# (/# 8+8-(/1'+4# 0"# )"# $"4+-B"("$# G# 8/$1'$# 0")#
"<&$C%"41)# &+41/%'4C):# Y+-1",+')I# (5C1/1# /&1-"(# 0")# &+44/'))/4&")# )-$# (5C&+(+>'"# 0")#
0',,C$"41")#")89&")#/'4)'#M-"#)-$#(")#%+-B"%"41)#,'4)#0"#0C8(/&"%"41#0")#")89&")#4"#8"$%"1#
8/)#05CB/(-"$#("#$C1/D('))"%"41#0")#8+8-(/1'+4)#"1#"4&+$"#%+'4)#0"#0')1'4>-"$#$C1/D('))"%"41#
'41"$4"#"1# '%%'>$/1'+4:#A/#8(-8/$1#0")#+$>/4')%")#&+8$+86'(")#)+41# 1$9)#%+D'(")#"1#&"$1/'4")#
")89&")# 1"((")# M-"# B,906%/69D9! '0#),%)9)(9# &+(+4')"41# (")# "<&$C%"41)# 09)# (")# 8$"%'9$")#
%'4-1")# /8$9)# ("-$# 0C8]1I# '40'M-/41# -4"# 8$C)"4&"# G# 8$+<'%'1C# 0"# (5"<&$C%"41:# A")#
&+44/'))/4&")#)+41#1$9)#C8/$)")#)-$#(/#&/8/&'1C#0")#")89&")#&+8$+86/>")#G#8/$&+-$'$#0"#>$/40")#
0')1/4&")#8+-$#&+(+4')"$#0"#4+-B"/-<#%'('"-<:#W(#")1#0+4&#"<1$7%"%"41#'%8+$1/41#0"#8+-B+'$#
&(/$','"$# (")#&+40'1'+4)#05-4#$C1/D('))"%"41#0"#8+8-(/1'+4)#M-'#)"$/'"41#/,,"&1C")I#4+1/%%"41#
8+-$# &+4)1$-'$"# 0")# %+09(")# )-$# (")# ",,"1)# G# (+4># 1"$%"# 0")# t;*)# )-$# (")# +$>/4')%")# G#
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C>/("%"41#)}/BC$"$#'%8+$1/41#0/4)#("#&6+'<#0")#0CE"&1'+4)#8/$#(")#'4)"&1"):#A}6C1C$+>C4C'1C#0"#
(/#&+(+4')/1'+4#"41$"#(")#0',,C$"41)#0C8]1)#8+-$$/'1# '40'M-"$#M-"#&"$1/'4")#D+-)")#C1/'"41#8(-)#
/11$/&1'B")#M-"#05/-1$"):#Z"#4+%D$"-)")#8')1")#0"# $"&6"$&6"# $")1"41# 0+4&#"4&+$"# G# "<8(+$"$I#
8+$1/41# "4# 8/$1'&-('"$# )-$# (")# &$'19$")# M-'# &+40'1'+44"41# (/# &+(+4')/1'+4# /'4)'# M-"# )-$# (")#
%"))/>")#&6'%'M-")#M-'#$C>'))"41#(")#8$+&"))-)#0}/>$C>/1'+4#"1#0}"<&(-)'+4:'
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3! Perturbations-fonctionnement 
 
A")# &+%%-4/-1C)# (")# 8(-)# $'&6")# "4# ")89&")# +-# "4# >$+-8")# ,+4&1'+44"()# )+41#
&+4)'0C$C")#&+%%"#8(-)#)1/D(")#,/&"#/-<#8"$1-$D/1'+4)#"4B'$+44"%"41/(")I#"4#)5/88-F/41#)-$#
(56F8+169)"# 0"# 0'B"$)'1C@)1/D'('1C# T!+64)+4# "1# /(:I# deeqn# b++8"$# "1# /(:I# orrmV:# ^$I# ,/&"# /-#
&+4)1/1#0"#8"$1"#>C4C$/("#0"#(/#D'+0'B"$)'1CI#(5/11"41'+4#)5")1#,+&/(')C"#)-$#("#$]("#E+-C#8/$#&"(("@
&'#)-$#("#,+4&1'+44"%"41#0")#C&+)F)19%")#/,'4#05/88$C6"40"$#(")#&+4)CM-"4&")#,+4&1'+44"((")#
0"# (5"<1'4&1'+4# 0")# ")89&")I# "4# 8/$1'&-('"$# (")# ")89&")# &(C)# 0"# B+k1"# T.+)1/4R/# "1# /(:I# deehn#
.6/8'4#"1# /(:I#orrrV:#24#",,"1I# "4#/(1C$/41# (/# )1$-&1-$"#05-4"#&+%%-4/-1CI# (")#8"$1-$D/1'+4)I#
4+1/%%"41# 05+$'>'4"# /416$+8'M-"I# 8"-B"41# '41"$$+%8$"# &"$1/'4)# 8$+&"))-)# C&+(+>'M-")# M-'#
%/'41'"44"41#(5'41C>$'1C#0"#(5C&+)F)19%"#TA/$)"4#"1#/(:I#orrmV:#A")#C1-0")#G#(/#,+')#16C+$'M-"#"1#
"%8'$'M-"#)"#)+41#0+4&#%-(1'8('C")#/-#&+-$)#0")#0"$4'9$")#/44C")#/,'4#0"#&+%D("$#("#%/4M-"#
0"# &+44/'))/4&")# G# &"# )-E"1# "1# $C8+40$"# /-<# 4+-B"/-<# M-")1'+44"%"41)# M-"# (5/)8"&1#
,+4&1'+44"(#)+-(9B":#Z")#>$+-8")#0"# 1$/B/'(#&+%%"#("#;'(("44'-%#2&+)F)1"%#Q))"))%"41#
T;2QV#"1#Y6"#2&+4+%'&)#+,#2&+)F)1"%)#/40#P'+0'B"$)'1F#TY22PV#+41#)+-('>4C#(/#4C&"))'1C#
0"#8$"40$"#"4#&+4)'0C$/1'+4#("#,+4&1'+44"%"41#0")#C&+)F)19%")#0/4)#("#)-'B'#0")#C&+)F)19%")#
"1# "4# 8/$1'&-('"$# 0/4)# (")#%")-$")# &+%8"4)/1+'$"):#Q,'4# 0C1/D('$# 0")# 8(/4)# 0"# >")1'+4# "1# 0"#
&+4)"$B/1'+4#0"#&")#,+4&1'+4)#C&+(+>'M-")I#'(#")1#0+4&#"))"41'"(#05CB/(-"$#(5'%8/&1#,+4&1'+44"(#
0"#&"$1/'4")#8"$1-$D/1'+4):##
A")#&+%%-4/-1C)#05+$>/4')%")#&+8$+86'(")#)+41#D'"4#/0/81C")#G#&"#1F8"#05C1-0")#&/$#
-4"# 0CE"&1'+4# 0/4)# -4# 8`1-$/>"# 8"-1# 71$"# &+4)'0C$C"# &+%%"# -4# %'&$+@C&+)F)19%"# D'"4#
0C('%'1C#T;+6$I#deHfV:#Z/4)#(")#)F)19%")#8`1-$C)I#&")#&+%%-4/-1C)#8/$1'&'8"41#/-#%/'41'"4#
0"# (/# ,"$1'('1C# "4# 0C>$/0/41# (")# 0CE"&1'+4)# 0-# DC1/'(# T=1"B"4)+4#p#Z'40/(I# deghn#A-%/$"1#p#
?/0'$'I#deemV:#A")#+$>/4')%")#&+8$+86/>")#&+4)1'1-"41#0+4&#0")#"41'1C)#%/E"-$")#0-#)F)19%"#
8`1-$/>":#U4# &"$1/'4# 4+%D$"# 0"# 8"$1-$D/1'+4)# "<"$&C")# )-$# &")# &+%%-4/-1C)# 8"-B"41# /B+'$#
0")# &+4)CM-"4&")# ,+4&1'+44"(("):# P$/>/# "1# /(:# TordfV# +41# %+41$C# M-"# 0',,C$"41")# ,+4&1'+4)#
C&+(+>'M-")# 0")# D+-)'"$)# 1"((")# M-"# (/# 0')8/$'1'+4# 0")# 0CE"&1'+4)I# (/# D'+1-$D/1'+4# "1# (/#
0')8"$)'+4# )"&+40/'$"# 0")# >$/'4")# C1/'"41# 4C>/1'B"%"41# /,,"&1C")# 8/$# (5'41"4)','&/1'+4# 0")#
8"$1-$D/1'+4)# 05+$'>'4"# /416$+8'M-":# */$# /'(("-$)I# '()# +41# C>/("%"41#%+41$C# (5'%8+$1/4&"# 0"#
%")-$"$#(")#,+4&1'+4)#C&+(+>'M-")#"%8'$'M-"%"41#"1#4+4#0"# (")#0C0-'$"#0"#(/#)1$-&1-$"#0"#(/#
&+%%-4/-1C:# A")# 1$/'1"%"41)# BC1C$'4/'$")# &+4)1'1-"41# -4"# 8"$1-$D/1'+4# 8+-B/41# '%8/&1"$# ("#
,+4&1'+44"%"41#0"# (/# &+%%-4/-1C# &+8$+86/>"#"4# $/("41'))/41# (/#0C>$/0/1'+4#0")#0CE"&1'+4)#
&+41/%'4C")#8/$#-4"#%+(C&-("#TK+"%DL"#"1#/(:I#ordrDV:#
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A5+DE"&1',#0"#&"#&6/8'1$"#")1#0+4&#05CB/(-"$#(")#",,"1)#0"#8"$1-$D/1'+4)#)-$#(/#B'1"))"#0"#
0')8/$'1'+4#0")#0CE"&1'+4):#Z/4)#-4"#8$"%'9$"#8/$1'"I#4+-)#4+-)#'41C$"))"$+4)#0+4&#/-<#",,"1)#
4+4# '41"41'+44"()# 0"# (5'B"$%"&1'4"# )-$# (/# 0C>$/0/1'+4# 0")# 0CE"&1'+4)# 0/4)# (/# $C>'+4# 0"#
;+418"(('"$# 8-')# G# 8(-)# (/$>"# C&6"((":# Z/4)# -4# 0"-<'9%"# 1"%8)I# "4# -1'(')/41# -4# 8$+&C0C#
05"<&(-)'+4# 0")# '4)"&1")I# 4+-)# CB/(-"$+4)# (5'%8/&1# ,+4&1'+44"(# 0")# 0',,C$"41")# B/>-")#
)-&&"))'B")#0"#&+(+4')/1'+4: 
#
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#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
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3.1!Effets non intentionnels de l’ivermectine sur le 
fonctionnement du système « bouse »  
3.1.1!Etude montpelliéraine 
3.1.1.1 Introduction 
A")# ",,"1)# 0")# 1$/'1"%"41)# BC1C$'4/'$")# -1'(')/41# 0")# (/&1+4")# %/&$+&F&('M-")# +41# C1C#
CB/(-C)# "1# +41# ,/'1# (5+DE"1# 05-4"# )F4169)"# TA-%/$"1# "1# /(:I# ordoV:# A5-1'(')/1'+4# 0"# (/#
0+$/%"&1'4"#)"#1$/0-'1#8/$#-4#,/'D("#'%8/&1#,+4&1'+44"(#8-')M-"#&"$1/'4")#C1-0")#45+41#$CBC(C#
/-&-4#",,"1#T=-/$"R#"1#/(:I#orrfn#=-/$"R#"1#/(:I#orreV#D'"4#M-"#05/-1$")#1$/B/-<#+41#$CBC(C#-4#
$/("41'))"%"41# 0")# 8$+&"))-)# 0"# 0C>$/0/1'+4# 0")# D+-)")# TN(+/1"# "1# /(:I# orroV:# U4# 1"(#
$/("41'))"%"41# /# C1C# C>/("%"41#+D)"$BC# /8$9)#-4# 1$/'1"%"41# 0-#DC1/'(# G# (5C8$'4+%"&1'4":#*/$#
&+41$"# =-/$"R# "1# /(:# TorreV# 45+41# 8/)# +D)"$BC# 05",,"1# )'>4','&/1',# 0"# (/# %+<'0"&1'4"# )-$# (/#
0C>$/0/1'+4# 0")# 0CE"&1'+4):# W(# /88/$/l1# 0"# (/# )+$1"# M-"# (")# 0',,C$"41)# 1$/'1"%"41)# BC1C$'4/'$")#
45"41$/'4"41#8/)#(")#%7%")#",,"1)#)-$#(")#8$+&"))-)#0"#0')8/$'1'+4#0")#D+-)"):#
A/#%+(C&-("# (/# 8(-)# (/$>"%"41# -1'(')C"# G# 1$/B"$)# ("#%+40"# &+%%"# /41'8/$/)'1/'$"# ")1#
(5'B"$%"&1'4"I# &"# M-'# "4# ,/'1# (/# %+(C&-("# 0"# $C,C$"4&"# 8+-$# -4# >$/40# 4+%D$"# 05C1-0")#
C&+1+<'&+(+>'M-"):#Y+-1",+')I#D'"4#M-"#(/#%/E+$'1C#0")#C1-0")#/'"41#%')#"4#CB'0"4&"#0")#",,"1)#
4C>/1',)#0"#(5Wt;#)-$#(/#)1$-&1-$"#0")#&+%%-4/-1C)#&+8$+86'(")#"1#&+8$+86/>")#T&,#&6/8'1$"#
8$C&C0"41VI# (5'%8/&1# ,+4&1'+44"(# 0"# &"11"# %+(C&-("# ")1# 8(-)# 0',,'&'("# G# /88$C6"40"$:# Z")#
$C)-(1/1)#&+41$/0'&1+'$")#+41#C1C#8-D('C):#*+-$#&"$1/'4)#/-1"-$)#+4#/))')1"#G#-4"#$C0-&1'+4#0"#(/#
B'1"))"#0"#0C>$/0/1'+4#0")#0CE"&1'+4)#TO/((#p#=1$+4>I#deghn#=+%%"$#p#P'DDFI#orroV#1/40')#
M-"#8+-$#05/-1$")#/-&-4#",,"1#45/#8-#71$"#%')#"4#CB'0"4&"#T!/&+D)#"1#/(:I#deggn#;&?"/40#"1#/(:I#
deggn#Z'%/40"$#"1#/(:I#orrfV:#*+-$#-4#%7%"#)'1"#%/')#G#0")#8C$'+0")#0',,C$"41")I#W>(")'/)#"1#
)")#&+((9>-")#+41#%+41$C#M-"# (5Wt;#('%'1/'1# (/#0C>$/0/1'+4#0")#0CE"&1'+4)#"4#/-1+%4"#%/')#
8/)#/-#8$'41"%8)#TW>(")'/)#"1#/(:I#orrqn#W>(")'/)#"1#/(:I#orddV:#."(/#'40'M-"#M-"#(")#",,"1)#0"#(/#
%+(C&-("#)-$#(/#0C>$/0/1'+4#0C8"40"41#0")#&+40'1'+4)#D'+1'M-")#"1#/D'+1'M-")#"1#M-5'(#")1I#8/$#
&+4)CM-"41I#0',,'&'("#0"#8$CB+'$#(/#0'$"&1'+4#"1#(5/%8('1-0"#0")#",,"1):##
S+-)#/B+4)#0+4&#%')#"4#8(/&"#-4"#"<8C$'%"41/1'+4#/B"&#-4#8$+1+&+("#)1/40/$0#/,'4#0"#
)-'B$"#(/#B'1"))"#0"#0C>$/0/1'+4#0")#0CE"&1'+4)#"4#,+4&1'+4#0")#&+4&"41$/1'+4)#"4#Wt;#M-5"((")#
&+41'"44"41:#*+-$# &"(/I# &+%%"#0/4)# ("#8$C&C0/41# &6/8'1$"I# 0"-<# 1F8")#0"# 1$/'1"%"41#+41# C1C#
%')# "4# 8(/&"# T1$/'1"%"41# &(/))'M-"# 0")# /4'%/-<# "4# *+-$@+4I# "1# 05/-1$"# 8/$1# '4&+$8+$/1'+4#
0'$"&1"#0"#(/#%+(C&-("#0/4)#(")#0CE"&1'+4)#8+-$#/11"'40$"#(/#B/("-$#0"#&+4&"41$/1'+4#B+-(-"V:##
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#
3.1.1.2 Matériel et méthodes 
A"#)'1"#05C1-0"I#("#DC1/'(#/'4)'#M-"#(")#1$/'1"%"41)#%')#"4#8(/&"#)+41#(")#%7%")#M-"#&"-<#
0C&$'1)#0/4)#("#&6/8'1$"#8$C&C0"41#T&,#o:f:d@mV#/,'4#0"#8"$%"11$"#("#)-'B'#0"#(/#0')8/$'1'+4#0")#
0CE"&1'+4)#"4#8/$/((9("#/B"&#("#)-'B'#0")#C%"$>"4&")#0")#'4)"&1"):#Z',,C$"41")#)+$1")#0"#D+-)")#
+41# C1C# 0C8+)C")# )'%-(1/4C%"41# )-$# ("# 1"$$/'4# 8+-$# 1")1"$# (")# ",,"1)# 0"# (5Wt;# )-$# ("#
,+4&1'+44"%"41#0-#)F)19%"#\#
@#m#%+0/('1C)#0/4)#("#&/)#0-#1$/'1"%"41#*+-$@+4#0")#/4'%/-<#\#0C8]1)#0"#D+-)")#1C%+'4)#
T"<&$C%"41#$"&-"'(('#/B/41#("#1$/'1"%"41V#"1#0"#D+-)")#0+41#(/#%/1'9$"#/#C1C#8$C("BC"#/-<#E+-$)#
fI#hI#dH#"1#og#/8$9)#("#1$/'1"%"41V#n#
@# m#%+0/('1C)#0/4)# ("# &/)#05-4"# '4&+$8+$/1'+4#0'$"&1"#0"# (5Wt;#0/4)# (/# D+-)"# T)8'L"0#
0-4>V#\#0C8]1)#0"#D+-)")#1C%+'4)I#D+-)")#/B"&#)+(B/41#T%/')#CB/8+$C#/B/41#("#0C8]1VI#D+-)")#
&+41"4/41#0"#(5Wt;#/-<#&+4&"41$/1'+4)#.dI#.o#"1#.f:#
#
3.1.1.2.1! Pour-on 
# ."41# B'4>1@&'4M# 0C8]1)# 0"# D+-)")# $"&+4)1'1-C")I# &6/&-4"# 05-4# L># T8+'0)# ,$/')V# "4#
%+F"44"I#+41#C1C#",,"&1-C)#"4#('>4"#("#e#%/'#ordd#1+-)#(")#o#%91$")#/-#%'4'%-%#("#(+4>#0"#(/#
&(]1-$"# 0C('%'1/41# -4"# 8`1-$"# +&&-8C"# 8/$# 0")# D+B'4)I# 0/4)# (/# &+41'4-'1C# 0-# ('4C/'$"#
8$C&C0"%%"41#%')# "4# 8(/&"# 8+-$# 4+1$"# C1-0"# )-$# (/# )1$-&1-$":# A")#%7%")# &'4M# 1$/'1"%"41)#
T1C%+'4I# !+-$fI# !hI# !dH# "1# !ogV# +41# C1C# 0')1$'D-C)# )-'B/41# &"11"# )CM-"4&"# M-'# /# C1C#
$C8('M-C":# *+-$# $"1$+-B"$# ,/&'("%"41# &")# D+-)")# 0")1'4C")# G# 71$"# )-'B'")# 8"40/41# 8(-)'"-$)#
%+')I# &"((")@&'#+41# C1C# C1'M-"1C")#"1#8(/&C")# )-$#0")#>$'((/>")#8(/)1','C)#0"#%/'(("#0"# o<o#&%#
8"$%"11/41#("#8/))/>"#0")#'4)"&1"):#Q-#1+1/(#om#0C8]1)#+41#C1C#$C/(')C)#8/$#1$/'1"%"41:#
#
3.1.1.2.1! Spiked 
# ."41#B'4>1@&'4M#D+-)")#8")C")#"1#&/('D$C")I#&6/&-4"#05-4#L>#T8+'0)#,$/')V#"4#%+F"44"I#
+41#C>/("%"41#C1C#0')8+)C")#("#e#%/'#ordd#)-$#("#1"$$/'4#"4#/(1"$4/4&"#/B"&#(")#0C8]1)#*+-$@+4:#
Q-#1+1/(#om#D+-)")#8/$#%+0/('1C#+41#C1C#'4)1/((C")#T1C%+'4I#1C%+'4#/&C1+4"I#.dI#.o#"1#.fV#0"#
%/4'9$"# G# 8+-B+'$# $C&-8C$"$# -(1C$'"-$"%"41# 8+-$# &6/M-"# %+0/('1C# m# D+-)")# 0"# &6/M-"#
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%+0/('1C#G#m#8C$'+0")#)-&&"))'B")#TdI#oI#qI#e#"1#df#%+')#/8$9)#("#0C8]1V#T)-'B'#0"#(/#0')8/$'1'+4#
0")#D+-)")#"4#,+4&1'+4#0-#1"%8)V:#
#
3.1.1.2.2! Suivi fonctionnel 
# m#0/1")#0"#8$C(9B"%"41#0")#D+-)")#0C8+)C")#)-$#("#1"$$/'4#+41#C1C#8$+>$/%%C")#TdI#oI#
qI#e#"1#df#%+')#/8$9)#("#0C8]1#'4'1'/(V#"1#G#&6/M-"#,+')#&'4M#D+-)")#8+-$#&6/&-4#0")#1$/'1"%"41)#
+41#C1C#$C&-8C$C"):#.")#D+-)")#0"))C&6C")#+41#C1C#8(/&C")# '40'B'0-"(("%"41#0/4)#0")#)/&)#"4#
8(/)1'M-"#'0"41','C)I#$/%"4C")#/-#(/D+$/1+'$"I#8")C")#8-')#D$+FC")#"4#,'4")#8/$1'&-(")#0/4)#-4#
%'<"-$#/,'4#056+%+>C4C')"$#(5"4)"%D(":#Z")#C&6/41'((+4)#0"#dmr#>#0"#&6/M-"#D+-)"#8$C("BC"#
+41#C1C# '4)1/((C)#0/4)#-4"#C1-B"#B"41'(C"# E-)M-5G#0"))'&&/1'+4#&+%8(91"# ToH#6#G#drr#|.V:#U4#
)+-)@C&6/41'((+4#)"&#0"#mr#>#8+-$#&6/M-"#0C8]1#/#"4)-'1"#C1C#8F$+(F)C#G#mrr#|.#8"40/41#do#6:#
A/#%/1'9$"#%'4C$/("#+D1"4-"#/8$9)#8F$+(F)"# &+$$")8+40/'1#G# (/#8/$1#%'4C$/("#0"# (/#D+-)"# T/#
8$'+$'#$"(/1'B"%"41#&+4)1/41"#0"8-')#)+4#0C8]1V#G#(/M-"(("#)5C1/'"41#$/E+-1C")#0")#8/$1'&-(")#0"#
)+(# M-'# +41# C1C# '4&+$8+$C")# '41'%"%"41# /-# &+-$)# 0-# 1"%8)# G# (/# D+-)"# '4'1'/("# 0-# ,/'1# 0"#
(5/&1'B'1C# D'+(+>'M-"# T/&1'B'1C# 0")# '4)"&1")# ,+-'))"-$)I# 1-$$'&-(")# 0"# B"$)# cV:# A/# 1"4"-$#
%'4C$/("#>(+D/("#$"8$C)"41"#%/E+$'1/'$"%"41#(5'4&+$8+$/1'+4#0"#&")#8/$1'&-(")#0"#)+(#n#(/#1"4"-$#
")1#&/(&-(C"#8/$#$/88+$1#/-#8+'0)#)"&#0-#0C8]1#Tx#%'4C$/(##drr%/))"#0"#&"40$")#0-#0C8]1#{#
%/))"# )9&6"# 0-# 0C8]1V:# A/# %/))"# 0"# &"40$")# /# C>/("%"41# )"$B'# 8+-$# &/(&-("$# (/# 8"$1"# 0"#
%/1'9$"# +$>/4'M-"# )9&6"# T;^V# 1"(("# M-5+4# ("# ,/'1# 8(-)# &(/))'M-"%"41# "4# (/# )+-)1$/F/41# G# (/#
%/1'9$"#)9&6"#1+1/("#0"#(5C&6/41'((+4:#."#8+-$&"41/>"#0"#%/1'9$"#)9&6"#$C)'0-"(("#")1#&"(-'#M-'#
")1# $C>-('9$"%"41# -1'(')C# "4# 1/41# M-5'40'&/1"-$# )'%8("# 0"# (/# 0C>$/0/1'+4:# A"# 8+-$&"41/>"# 0"#
;^# $")1/41"I# M-/41# G# (-'I# /# C1C# &/(&-(C# 8/$# $/88+$1# G# (/# M-/41'1C# 0"#;^# '4'1'/("# 0"# &6/M-"#
D+-)"#0C8+)C"#Tx#;^#$")1/41"##drr%/))"#0"#;^#'4'1'/("#)9&6"#0-#0C8]1#{#%/))"#0"#;^#
)9&6"#$")1/41"#0-#0C8]1#TG#dI#oI#qI#e#+-#df#%+')#/8$9)#("#0C8]1#'4'1'/(VV:#
#
3.1.1.2.3! Analyses statistiques  
A"# ,+4&1'+44"%"41# 0-# )F)19%"# )+-%')# G# -4# )1$"))# TD+-)")# &+41"4/41# 0")# M-/41'1C)#
B/$'/D(")#05Wt;V#/#C1C#CB/(-C#"4#)-'B/41# (5CB+(-1'+4#0"#1$+')#8/$/%91$")#\# ("#8+-$&"41/>"#0"#
%/1'9$"#)9&6"#$C)'0-"(("#0/4)#(")#D+-)")#/-#&+-$)#0-#1"%8)#n#("#8+-$&"41/>"#0"#;^#$")1/41"#"1#
(/# 1"4"-$# %'4C$/("# /-# &+-$)# 0-# 1"%8)# "1# "4# ,+4&1'+4# 0-# 1$/'1"%"41:# U4"# QS.^tQ# /# C1C#
$C/(')C"#)-$#&")#0',,C$"41")#%")-$")#"4#,+4&1'+4#TdV#0-#1"%8)#8/))C#"4#&6/%8#0"8-')#("#0C8]1#
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"1#ToV#0-#1$/'1"%"41#T1"4"-$#"4#Wt;V:#24#&/)#0"#)'>4','&/1'B'1CI#-4"#&+%8/$/')+4#%-(1'8("#0"#
;/44@O6'164"F#T;OV#/#C1C#",,"&1-C":# 
#
3.1.1.3 Résultats 
 
3.1.1.3.1! Fonctionnement Pour-on
# U4"# %/4'9$"# 05CB/(-"$# (")# 8"$1-$D/1'+4)# 0"# ,+4&1'+44"%"41# 0-# 8`1-$/>"# C1-0'C# /#
&+4)')1C#G#%")-$"$#/-#&+-$)#0-#1"%8)#(/#B'1"))"#0"#0')8/$'1'+4#0"#)C$'")#0"#D+-)")#0C8+)C")#)-$#
("# 1"$$/'4# TD+-)")# 1C%+'4)#"1#D+-)")#&+41"4/41#0")#M-/41'1C)# '4'1'/(")#&+44-")#05Wt;V:#^4#/#
)-'B'#8"40/41#df#%+')# (")#B/$'/1'+4)# 0"# (/#%/))"#0")#D+-)")# T8+'0)# )"&V# "1# 0"# &"(("#0"# ("-$#
%/1'9$"#+$>/4'M-"#T;^V#)9&6"#$C)'0-"(("I#/'4)'#M-"#(")#B/$'/1'+4)#0"#("-$#1"4"-$#%'4C$/(":##
3.1.1.3.1.1 Variation au cours du temps de la masse résiduelle des bouses 
# *+-$#1+-)#(")#1$/'1"%"41)#"1#M-"(("#M-"#)+'1#(/#&+4&"41$/1'+4#"4#Wt;#'4'1'/("I#(/#M-/41'1C#
0"#%/1'9$"# )9&6"# $C)'0-"(("# )5")1# $CBC(C"#8(-)# '%8+$1/41"#-4#%+')# /8$9)# ("#0C8]1#0")#D+-)")#
M-"#&"#M-5"(("#C1/'1#G#(5+$'>'4"#TN'>:#foV:#Y+-1")#(")#&+-$D")#+D1"4-")#%+41$"41#&"#8'&#1$9)#4"1#
"1#)'>4','&/1',I#M-'#)5/11C4-"#$/8'0"%"41#8/$#(/#)-'1"I#/B"&#0")#&+-$D")#0+41# (/#8"41"#B/$'"#/-#
&+-$)# 0-# 1"%8):# A"# 8(/1"/-# +D)"$BC# 8+-$# 1+-)# (")# 1$/'1"%"41)# "41$"# ("# 0"-<'9%"# "1# ("#
&'4M-'9%"# %+')# M-'# /# )-'B'# ("# 0C8]1# 0")# D+-)")# &+s4&'0"# /B"&# (/# )/')+4# &6/-0"# "1# )9&6"#
")1'B/("#T,'>:#HV#T8C$'+0"#/((/41#0"#E-'(("1#G#+&1+D$"VI#&"#M-'#/#"41$/l4C#-4#$/("41'))"%"41#0"#(/#
0')8/$'1'+4#0")#D+-)")# T"<8$'%C"#"4#8+'0)#0"#%/1'9$"# )9&6"V:#A")#8$C&'8'1/1'+4)# /-1+%4/(")#
+41# 8"$%')# (/# $"8$')"# "1# -4"# /&&C(C$/1'+4# 0"# &"11"# 0C>$/0/1'+4:# Q-&-4# ",,"1# )'>4','&/1',# 0-#
1$/'1"%"41#45/#8-#71$"#%')#"4#CB'0"4&":###
#
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!
A)5(1&!b="!X'1)'0)3/!'(!23(1%!.(!0&*+%!.&!,'!*'%%&!1$%).(&,,&!.&%!D3(%&%!8&4+1)*$&!&/!
*'0)91&!%927&@<!&/!-3/20)3/!.(!01')0&*&/0!)/)0)',!823/2&/01'0)3/!)/)0)',&!.6WXY@!&0!.(!0&*+%!
.&+()%!,&(1!.$+c0!%(1!,&!0&11')/;!Z&%!.3//$&%!2311&%+3/.&/0!N!(/&!J',&(1!*3C&//&!+3(1!
27'I(&!01')0&*&/0!&0!27'I(&!.'0&!.&!23,,&20&!'-)/!.63D0&/)1!(/!+13-),!.&!.$51'.'0)3/!&/!-3/20)3/!
.&%!01')0&*&/0%;!
#
3.1.1.3.1.2 Variation au cours du temps de la perte de MO des bouses déposées sur le 
terrain (pourcentage de MO par rapport à la quantité initiale) 
# U4"# QS.^tQ# $C/(')C"# )-$# (")# B/$'/1'+4)# 0"# ;^# )9&6"# $C)'0-"(("# "4# ,+4&1'+4# 0-#
1"%8)# "1# 0")# 1$/'1"%"41)# /# )"-("%"41# 8"$%')# 0"#%"11$"# "4# CB'0"4&"# -4# ",,"1# )'>4','&/1',# 0-#
1"%8)#G#8/$1'$#0"#(/#0/1"#'4'1'/("#0"#0C8]1# TN##HhrIdgr#n#8##rIrrdV:#S'#(/#1"4"-$#'4'1'/("#"4#
Wt;#T1$/'1"%"41V#TN##dIgeh#n#8##rIddmV#4'#(5'41"$/&1'+4#1"%8)@1$/'1"%"41#45/#%+41$C#05",,"1#
)'>4','&/1',#TN##rIhre#n#8##rImggV#TN'>:#ffV:#A")#8"41")#0")#&+-$D")#0"#0')8/$'1'+4#0"#(/#;^#
8+-$#(")#0'B"$)#1$/'1"%"41)#4"#)+41#0+4&#8/)#)'>4','&/1'B"%"41#0',,C$"41"):##
#
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A)5(1&!bb"!T)*)/(0)3/!'(!23(1%!.(!0&*+%!.&!,'!I('/0)0$!.&!Ya!.&%!D3(%&%!8&4+1)*$&!&/!
+3(12&/0'5&!+'1!1'++310!'(!.$+c0!)/)0)',!_!J',&(1%!1'*&/$&%!&/!+3).%!%&2@!&/!-3/20)3/!.(!0&*+%!
.&!.$+c0!%(1!,&!0&11')/!&0!.(!01')0&*&/0!80&/&(1!)/)0)',&!.6WXY@;!Z&%!J',&(1%!%3/0!.&%!*3C&//&%!
3D0&/(&%!+3(1!27'I(&!01')0&*&/0!&0!27'I(&!.'0&!.&!23,,&20&!'-)/!.63D0&/)1!(/!+13-),!.&!
.$51'.'0)3/!&/!-3/20)3/!.&%!01')0&*&/0%;!
#
3.1.1.3.1.3 Variation au cours du temps de la teneur minérale des bouses déposées  
# A5/->%"41/1'+4# 0"# (/# 1"4"-$# %'4C$/("# 0")# D+-)")# ")1# 1$9)# '%8+$1/41"# /-# &+-$)# 0-#
8$"%'"$# %+')# M-'# )-'1# ("-$# 0C8]1I# /B/41# 0"# )"# )1/D'(')"$:# ."11"# 1"4"-$# /->%"41"# G# 4+-B"/-#
$/8'0"%"41#G#8/$1'$#0-#q9%"#%+')#0/4)#("#&/)#0")#D+-)")#1C%+'4):#U4"#QS.^tQ#%+41$"#-4#
",,"1#)'>4','&/1',#0"#(5'41"$/&1'+4#"41$"#("#1$/'1"%"41#'4'1'/(#TWt;V#"1#("#1"%8)#TN##fIrgg#n#8##
rIrdeV# )-$# (/# B/$'/1'+4# 0"# (/# 1"4"-$#%'4C$/("# 0")# D+-)")# 0C8+)C"):# A/# B/$'/D("# 1"%8)# 8$')"#
')+(C%"41#/#C>/("%"41#-4#",,"1#)'>4','&/1',#)-$#(/#1"4"-$#"4#%/1'9$")#%'4C$/(")#TN##fHImoe#n#8#
#rIrrdVI#&+41$/'$"%"41#G#(/#B/$'/D("#1$/'1"%"41#TN##oIdqo#n#8##rIrheV:#A5/->%"41/1'+4#0"#(/#
1"4"-$#%'4C$/("#0")#D+-)")#/8$9)#4"-,#%+')#C1/'1#)'>4','&/1'B"%"41#8(-)#'%8+$1/41"#0/4)#("#&/)#
0")#D+-)")#1C%+'4)#&+%8/$C")#G#&"((")#&+41"4/41#0"#(5Wt;#TfI#h#"1#og#E+-$)#8+)1@1$/'1"%"41V#
T;O\#8##rIrmV#TN'>:#fHV:#
#
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!
A)5(1&!b?"!X'1)'0)3/!'(!23(1%!.(!0&*+%!.&!,'!0&/&(1!*)/$1',&!.&%!D3(%&%!&/!-3/20)3/!.&!,&(1!
0&/&(1!)/)0)',&!&/!WXY!801')0&*&/0@!&0!.(!0&*+%!.&+()%!,&(1!.$+c0;!Z&%!.3//$&%!3/0!$0$!
1'*&/$&%!N!(/&!*3C&//&!+3(1!27'I(&!01')0&*&/0!&0!27'I(&!.'0&!.&!23,,&20&!'-)/!.63D0&/)1!(/!
+13-),!.&!,6$J3,(0)3/!.&!2&00&!0&/&(1!*)/$1',&;!
'
3.1.1.3.2! Fonctionnement spiked 
# 2B/(-"$#("#,+4&1'+44"%"41#0/4)#("#)'1"#C1-0'C#/#&+4)')1C#G#%")-$"$#(5CB+(-1'+4#/-#&+-$)#
0-#1"%8)#0"#(/#%/))"#$C)'0-"(("#0"#%/1'9$"#)9&6"#0")#D+-)")#0C8+)C")#)-$#("#1"$$/'4#"1#0"#("-$#
1"4"-$#"4#%/1'9$")#%'4C$/(")#/'4)'#M-"#0"#(/#%/))"#0"#(/#%/1'9$"#+$>/4'M-"#T;^V:#
3.1.1.3.2.1 Variation au cours du temps de la masse de matière sèche résiduelle des 
bouses  
# [-"(("# M-"# )+'1# (/# %+0/('1C# 0"# 1$/'1"%"41# &+4)'0C$C"I# (/# %/))"# )9&6"# 0")# D+-)")# /#
/->%"41C#/-#&+-$)#0-#8$"%'"$#%+')#M-'#/#)-'B'#("-$#0C8]1#)-$#("#1"$$/'4#TN'>:#fmV:#."#8'&#/#C1C#
)-'B'#8/$#-4"#0'%'4-1'+4#0"#(/#%/))"#8-')#8/$#-4#8(/1"/-#"41$"#(")#%+')#o#G#m#T"41$"#E-'(("1#"1#
+&1+D$"I#8C$'+0"#M-'#&+$$")8+40#G# (/# )C&6"$"))"# ")1'B/("V#+v# (/#0C>$/0/1'+4#0")#D+-)")# )5")1#
1$+-BC"# $/("41'":# A/# 8"$1"# 0"# %/1'9$"# /# $"8$')# /B"&# (5/$$'BC"# 0")# 8$C&'8'1/1'+4)# /-1+%4/(")#
/B"&I#0/4)#("#&/)#0")#%+0/('1C)#&+41$]("#/&C1+4"#"1#.oI#-4#$/("41'))"%"41#8"40/41#(56'B"$#
M-"#(5+4#4"#$"1$+-B"#8/)#8+-$#(")#/-1$")#%+0/('1C)#TN'>:#fmV:#
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!
A)5(1&!bQ"!X'1)'0)3/!'(!23(1%!.(!0&*+%!.&!,'!*'%%&!.&!*'0)91&!%927&!1&%0'/0&!.&%!D3(%&%!&/!
-3/20)3/!.&!,&(1!01')0&*&/0!&0!.(!0&*+%!8&/!*3)%@!+'%%$!%(1!,&!0&11')/!.&+()%!,'!.'0&!)/)0)',&!.&!
,&(1!.$+c0;Z&%!.3//$&%!3/0!$0$!*3C&//$&%!+3(1!27'I(&!01')0&*&/0!&0!27'I(&!.'0&!.&!23,,&20&!
'-)/!.63D0&/)1!(/!+13-),!.&!.)%+'1)0)3/!.&%!D3(%&%!&/!-3/20)3/!.&%!01')0&*&/0%!
#
3.1.1.3.2.2 Variation au cours du temps du pourcentage de MO résiduelle des bouses 
# U4"#QS.^tQ# $C/(')C"# )-$# ("# 8+-$&"41/>"# 0"#;^# $C)'0-"(("# 0")# D+-)")#%+41$"# -4#
",,"1#)'>4','&/1',#0-#1"%8)#8/))C#)-$#("#1"$$/'4#TN##fheIrof#n#8##rIrrdV#%/')#8/)#05",,"1#0"#(/#
1"4"-$# '4'1'/("# "4# Wt;# TN# # rIhfr#n# 8# # rImhfV# 4'# -4"# '41"$/&1'+4# "41$"# ("# 1"%8)# "1# (")#
%+0/('1C)#0"#1$/'1"%"41#TN##dIreo#n##8##rIfqfV#TN'>:#fqV:##
#
#
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!
A)5(1&!bS"!T)*)/(0)3/!'(!23(1%!.(!0&*+%!.(!+3(12&/0'5&!.&!Ya!8*'0)91&!%927&@!.&%!D3(%&%!
&/!-3/20)3/!.&!.&%!*3.',)0$%!.&!01')0&*&/0;!Z&%!.3//$&%!3/0!$0$!*3C&//$&%!+3(1!27'I(&!
01')0&*&/0!&0!27'I(&!.'0&!.&!23,,&20&!'-)/!.63D0&/)1!(/!+13-),!.&!.$51'.'0)3/!&/!-3/20)3/!.&%!
01')0&*&/0%=#
#
3.1.1.3.2.3 Variation au cours du temps de la teneur minérale des bouses déposées  
# Z/4)# (")#D+-)")# 1C%+'4)I#.d#"1#.oI# (/# 1"4"-$#"4#&"40$")#/->%"41"#)'>4','&/1'B"%"41#
/-# &+-$)#0-#8$"%'"$#%+')# /B/41#0"# )"# )1/D'(')"$# 8+-$# /->%"41"$# G#4+-B"/-#G#8/$1'$#0-#h9%"#
%+'):#A5QS.^tQ#%+41$"#-4#",,"1#)'>4','&/1',#0-#1"%8)#8/))C#0"8-')#("#0C8]1#'4'1'/(#0"#D+-)"#
TN# # HHIorH#n# 8# # rIrrdV# %/')# 8/)# -4# ",,"1# 0-# 1$/'1"%"41# TN# # dImhH#n# 8# # rIdghV# 4'# 0"#
(5'41"$/&1'+4#"41$"#("#1"%8)#"1#(")#%+0/('1C)#0"#1$/'1"%"41#TN##oIofo#n#8##rIrhdV#TN'>:#fhV:#
#
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!
A)5(1&!bU"!X'1)'0)3/!'(!23(1%!.(!0&*+%!.&!,'!0&/&(1!&/!*'0)91&%!*)/$1',&%!.&%!D3(%&%!&/!
-3/20)3/!.&%!01')0&*&/0%;!Z&%!.3//$&%!3/0!$0$!*3C&//$&%!+3(1!27'I(&!01')0&*&/0!&0!27'I(&!
.'0&!.&!23,,&20&!'-)/!.63D0&/)1!(/!+13-),!.&!%3/!$J3,(0)3/!&/!-3/20)3/!.&%!01')0&*&/0%
'
3.1.1.4 Discussion et conclusion 
!
3.1.1.4.1! Pour-on 
# .+41$/'$"%"41# G# &"# M-'# C1/'1# /11"40-I# (/# B'1"))"# "1# (5'41"4)'1C# 0"# (/# 0C>$/0/1'+4# 0")#
D+-)")#+41#8"-#C1C#%+0','C")#8/$#("#,/'1#M-5"((")#&+41"4/'"41#+-#4+4#0"#(5Wt;I#&"#M-'#%+41$"#
D'"4# (/# 0',,'&-(1C# 05CB/(-"$# (")# ",,"1)# 0'$"&1)# 05-4"# 8"$1-$D/1'+4# )-$# ("# ,+4&1'+44"%"41# 05-4#
)F)19%"# C&+(+>'M-"I# "4# $/')+4# )/4)# 0+-1"# 0"# (/# >$/40"# B/$'/D'('1C# 0")# %'&$+@&+40'1'+4)#
"4B'$+44"%"41/(")# TW>(")'/)# "1# /(:I# orddV:# Y+-1",+')# &"(/# $")1"# 8+))'D("I# K+"%DL"# "1# /(:#
TordrDV#/F/41#%+41$C#M-"#(/#0C>$/0/1'+4#0")#D+-)")#)-$#("#1"$$/'4#0C8"40/'1#)'>4','&/1'B"%"41#
0"#(/#8$C)"4&"#+-#4+4#05Wt;#0/4)#&"((")@&'I#"41$/'4/41#-4"#0'%'4-1'+4#0-#4+%D$"#0"#(/$B")#0"#
0'819$")# "1# 0"# D+-)'"$):# =+-)# &('%/1# %C0'1"$$/4C"4I# (")# )&/$/DC'0")# &+8$+86/>")# )+41# (")#
8$'4&'8/-<#/>"41)#05C('%'4/1'+4#0")#0CE"&1'+4)#0-#DC1/'(# TA-%/$"1#p#?'$LI#deedn#A-%/$"1#"1#
/(:I# deeoV:#^$# (")#D+-)'"$)# /0-(1")I# M-'# &+41$'D-"41#%/E+$'1/'$"%"41# G# &"11"# C('%'4/1'+4I# )+41#
%+'4)# )"4)'D(")# M-"# ("-$)# (/$B")# G# (5Wt;:#Z/4)# &")# &+40'1'+4)I#%/(>$C# (/# 8$C)"4&"# 05Wt;#
0/4)#(")#D+-)")I#(")#'4)"&1")#/0-(1")#+41#&+41'4-C#G#%/4'8-("$#&"11"#%/1'9$"I#G#(5"4,+-'$#"1I#0-#
,/'1#0"#&"#D$/))/>"I#G#(")#"4)"%"4&"$#/B"&#0")#%'&$++$>/4')%")#0-#)+(I#(")M-"()#/))-$"$+41#G#
1"$%"#(/#%'4C$/(')/1'+4#0"#(/#%/1'9$"#,C&/(":#Z/4)#&")#&+40'1'+4)#'(#")1#(+>'M-"#M-"#(/#8$C)"4&"#
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05Wt;# 0/4)# (")# D+-)")# 4"# 8/$/'))"# 8/)# /B+'$# "-# 05",,"1# )-$# ("-$# 0C>$/0/1'+4# '%%C0'/1"# "1#
%7%"#-(1C$'"-$"I#1+-1#("#0"B"4'$#0")#D+-)")#)"#E+-/41#/-#&+-$)#0")#8$"%'"$)#E+-$)#M-'#)-'B"41#
("-$# 0C8]1# TA-%/$"1# p# ?/0'$'I# deemV:# Y+-1")# (")# ,+4&1'+4)# M-"# 4+-)# /B+4)# %")-$C")#
/88/$/'))"41# /'4)'# 8$C)"$BC")# 0/4)# (5'%%C0'/1:# ."8"40/41I# &+%%"# ("# 0CB"(+88"%"41# 0")#
(/$B")# 0"# 4+%D$"-<# '4B"$1CD$C)# ")1# /,,"&1C# 8/$# (5Wt;I# &"# )+41# 0")# ",,"1)# G# 8(-)# (+4># 1"$%"#
M-5'(# &+4B'"40$/'1# 0"# )-'B$"# )-$# 8(-)'"-$)# /44C")# T0'%'4-1'+4# 0")# ",,"&1',)# 0"# &"$1/'4")#
")89&")I#8/$#"<"%8("V:#.")#",,"1)#G#%+F"4#"1# (+4>#1"$%"#)+41#0',,'&'("%"41#M-/41','/D(")#)-$#
-4# (/8)#0"# 1"%8)#&+-$1:#Z/4)# (/#>-'(0"#0")#8/$/&+8$'0")I# (")#/0-(1")#"4,+-'))"41#0")#8"(+1")#
,C&/(")I#&+41$'D-/41#/'4)'#G#(/#0C>$/0/1'+4#'%%C0'/1"#0")#D+-)")#8/$#8$C(9B"%"41#0"#%/1'9$"#"1#
1$'1-$/1'+4I#/(+$)#M-"#("-$)#(/$B")#0+'B"41#)"#0CB"(+88"$#G#(5'41C$'"-$#0"#&")#8"(+1")#M-'#8"-B"41#
&+41"4'$#0")#t;*)#CB"41-"(("%"41# 1+<'M-")I# ("#1/-<#0"#%+$1/('1C#0")#(/$B")#0C8"40/41#/(+$)#
0"# (/# &+4&"41$/1'+4# ",,"&1'B"# TA-%/$"1# "1# /(:I# ordoV:# U4"# &+%%-4/-1C# 05+$>/4')%")#
&+8$+86/>")# &+%8+)C"# 05-4"# >$/40"# 0'B"$)'1C# 0"# ,+-'))"-$)# $"40$/'1# 0+4&# 0',,'&'("#
(5CB/(-/1'+4#05-4#t;*#)-$#(/#0C>$/0/1'+4#0")#"<&$C%"41):#A5'%8/&1#0"#(5/&1'B'1C#0")#'4)"&1")#
)-$#("#,+4&1'+44"%"41#G#(+4>#1"$%"#4"#8"-1#71$"#M-/41','C#0"#&"11"#%/4'9$"#&/$#(")#&+40'1'+4)#
"4B'$+44"%"41/(")I# "4# 8/$1'&-('"$# &('%/1'M-")I# '4,(-"4&"41# (/$>"%"41# (/# 0C>$/0/1'+4:# A")#
&+40'1'+4)#)8C&'/("%"41#)9&6")#0-#8$'41"%8)#ordd#+41#$C0-'1#G#(/#,+')#(5/&1'B'1C#0")#D+-)'"$)#"1#
(/#B'1"))"#0"#0C>$/0/1'+4:#b/D'1-"(("%"41I#(/#0')8/$'1'+4#1+1/("#0")#0CE"&1'+4)#0")#D+B'4)#)"#,/'1#
"4#%+'4)#0"#)'<#%+')#0/4)#(")#$C>'+4)#1"%8C$C")#"1#)-$1+-1#(+$)#0")#)/')+4)#6-%'0")#TQ/$+4)#
"1#/(:I#orrHn#A""#p#O/((I#orrqn#.$-R#"1#/(:I#ordoV##n#)+-)#&('%/1#%C0'1"$$/4C"4#&"(/#0"%/40"#
"4B'$+4#dg#%+')#TA-%/$"1#p#?/0'$'I#deemV:#A/#)9&6"$"))"#$C0-'1#(5/11$/&1'B'1C#0")#0CE"&1'+4)#"1#
$/&&+-$&'1# ("# 1"%8)#0"#&+(+4')/1'+4#T,+$%/1'+4#$/8'0"#05-4"#&$+k1"VI#&"#M-'#)"# 1$/0-'1#8/$#-4#
4+%D$"# 8(-)# ,/'D("# 05'4)"&1")# M-'# )5F# 0CB"(+88"41# T%+'40$"# C%"$>"4&"VI#%7%"# "4# /D)"4&"#
05Wt;:# Z5/8$9)# P"F4+4# "1# /(:# TordoVI# "4# (5/D)"4&"# 0"# 8"$1-$D/1'+4)# (/# 0C&+%8+)'1'+4# 0")#
0CE"&1'+4)#G#&+-$1#1"$%"#45")1#8/)#'4,(-"4&C"#8/$#(/#$'&6"))"#)8C&','M-"#n#"4#&/)#0"#1$/'1"%"41#
0-# DC1/'(I# ("# ,+4&1'+44"%"41# ")1# /))-$C# >$`&"# G# (/# 0',,C$"4&"# 0"# )"4)'D'('1C# 0")# ")89&")# G# (/#
%+(C&-(":#*/$%'#(")#,+-'))"-$)I#(/#$"0+40/4&"#,+4&1'+44"(("#0")#")89&")#8"$%"1#05/))-$"$#-4"#
0C>$/0/1'+4# i#4+$%/("#j# 0")# D+-)")#%/(>$C# (/# ,+$1"# )"4)'D'('1C# 0"# M-"(M-")# ")89&")# &+%%"#
F406%/69D&'!'(:(-('!TP"F4+4#"1#/(:I#ordoV:#
#
# .+4&"$4/41#(/#1"4"-$#%'4C$/("#0")#D+-)")I#("#8'&#M-"#4+-)#/B+4)#%')#"4#CB'0"4&"#/8$9)#
-4#%+')#0"#0C8]1#)-$#("#1"$$/'4#&+4,'$%"#("#,/'1#M-"I#09)#(")#8$"%'"$)#E+-$)#+-#)"%/'4")I#0")#
8/$1'&-(")# 0"# )+(# TG# 1$9)# 6/-1"# 1"4"-$#%'4C$/("V# )+41# "<&/BC")# 8/$# (")# '4)"&1")# M-'# &$"-)"41#
("-$)#4'0)#8C0+1$+86'M-")I# (")#0CD(/')# )"# $"1$+-B/41# '4&+$8+$C")# ,'4"%"41# G# (/#D+-)"#M-'# ")1#
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"4&+$"#,$/'&6"#T1$/4),"$1#B"$1'&/(V#TP$+a4#"1#/(:I#ordrV:#A")#B"$)#0"#1"$$"#,+41#0"#%7%"I#%/')#
8(-)#1/$0#"1#(+$)M-"#(56-%'0'1C#0-#)+(#("#8"$%"1:#A5/&1'B'1C#,+-'))"-)"#0")#D+-)'"$)#+-#0")#B"$)#
0"# 1"$$"# &+41$'D-"# 0"# (/# )+$1"# G# /->%"41"$# (5'4,'(1$/1'+4# 05"/-# 0/4)# ("# )+(# "1# G# $C0-'$"# ("#
("))'B/>"#TP(/4&6/$1#"1#/(:I#orrHn#P$+a4#"1#/(:I#ordrV:#24#"4,+-'))/41# ("-$)#8"(+1")#,C&/(")#G#
0',,C$"41")# 8$+,+40"-$)# 0/4)# ("# )+(I# (")# D+-)'"$)# 8/$1'&'8"41# /-))'# G# (5'41C>$/1'+4# 0"# &"11"#
%/1'9$"# +$>/4'M-"I# /->%"41/41# (/# 1"4"-$# "4# /R+1"# 0")# )+()# TK+0$'>-"R# "1# /(:I# orrmV:# S+1$"#
C1-0"#")1#(/#8$"%'9$"#8+-$#("#)-'B'#)-$#("#(+4>#1"$%"#0")#B/$'/1'+4)#0"#(/#1"4"-$#%'4C$/("#0")#
0CE"&1'+4)#/4'%/(")#/))+&'C")# G# ("-$# '4&+$8+$/1'+4#0/4)# ("# )+(:#A")# )&/$/DC'0")#&+8$+86/>")#
+41# C1C# 8$+8+)C)# &+%%"# 1/<+4# 05'41C$71# 8/$%'# (")# '4B"$1CD$C)# 8+-$# (")# $"&6"$&6")# )-$# (/#
D'+0'B"$)'1C# "1# 8+-$# (/# &+4)"$B/1'+4I# "4# 8/$1'&-('"$# 0/4)# 0")# &+41"<1")# 8"$1-$DC)# T=8"&1+$I#
orrqn#3/$04"$#"1#/(:I#orrgV:#A")#>$/40)#D+-)'"$)#,+-'))"-$)#"1#(")#B"$)#0"#1"$$"#8"-B"41#$"41$"$#
0/4)# (/#&/1C>+$'"#0")#+$>/4')%")# '4>C4'"-$)#&/$# '()#/,,"&1"41#0'$"&1"%"41#"1# '40'$"&1"%"41# (/#
0')8+4'D'('1C# 0")# $"))+-$&")# "4# %+0','/41# (5"4B'$+44"%"41# 86F)'M-"# T!+4")# "1# /(:I# deeHn#
A/B"(("#"1#/(:I#deehV:#*/$#("-$#/&1'B'1C# '()#)+41# (")#8$'4&'8/-<#$")8+4)/D(")#0"#(5'4&+$8+$/1'+4#
0"#8/$1'&-(")#%'4C$/(")#0/4)#(")#0CE"&1'+4)#T^}b"/#"1#/(:I#ordrV:#A5/&1'B'1C#0"#1$/4)8+$1#B"$1'&/(#
0"#%/1'9$"# T%'4C$/("# "1# +$>/4'M-"V# /))-$C"#8/$# (")# ,+-'))"-$)#0C8(/&"#B"$)# (/#%/1'9$"# ,C&/("#
0")# &6/%8'>4+4)# 1"((-$'M-")# "1# 0")#%'&$++$>/4')%")# 0-# )+(I# &+41$'D-/41# 8-'))/%%"41# G# (/#
%'4C$/(')/1'+4#0"# &"11"#%/1'9$"#+$>/4'M-"# TP$"F%"F"$# "1# /(:I# dehmn#A-))"46+8#"1# /(:I# degrV:#
P$/>/!"1#/(:#TordfV#+41#C>/("%"41#%+41$C#M-"#(")#>$/40)#,+-'))"-$)#/B/'"41#-4"#D+44"#&/8/&'1C#
0"# 0')8"$)'+4# 0")# >$+))")# >$/'4")I# "4# 8/$1'&-('"$# "4#%'('"-# 1$+8'&/(# +v# (56-%'0'1C# 0-# )+(# ")1#
,/B+$/D(":##
# S+)# $C)-(1/1)#8+$1/41# )-$# (")#B/$'/1'+4)#0"# (/# 1"4"-$#%'4C$/("#0")#D+-)")#/-#&+-$)#0-#
1"%8)# '40'M-"41# M-"# &"11"# %")-$"# 8+-$$/'1# 71$"# -1'(')C"# 8(-)# $C>-('9$"%"41# M-5"(("# 4"# (5")1#
/&1-"(("%"41I#(")#%")-$")#(")#8(-)#&+-$/41")#8+$1/41#)-$1+-1#)-$#(/#M-/41','&/1'+4#0"#(/#%/1'9$"#
+$>/4'M-":#A/#&+4,'$%/1'+4#0"#&")#8$"%'"$)#$C)-(1/1)#8+-$$/'1#8"$%"11$"#0"#%"11$"#"4#8(/&"#-4#
'40'&/1"-$#0"#(5'4&+$8+$/1'+4#0")#%/1'9$")#%'4C$/(")#0/4)#(")#0CE"&1'+4)#/4'%/("):#W(#)5/>'$/'1#
05-4#'40'&/1"-$#'40'$"&1#0"#(5/&1'B'1C#D'+(+>'M-"#\#8(-)#(5/&1'B'1C#0")#+$>/4')%")#,+-'))"-$)#")1#
>$/40"I#8(-)#(5'4&+$8+$/1'+4#0"#%/1'9$")#%'4C$/(")#")1#,+$1":#
'
3.1.1.4.2! Spiked 
# A")#&+40'1'+4)#0"#)C&6"$"))"#/-#%+%"41#0-#0C8]1#0")#D+-)")#)-$# ("# 1"$$/'4#45C1/'"41#
8/)# ,/B+$/D(")# G# ("-$# $/8'0"# 0C>$/0/1'+4# 0-# ,/'1# 0"# (/# ,/'D("# /&1'B'1C# 0")# '4)"&1")# "1# (/#
,+$%/1'+4#8$C%/1-$C"#05-4"#&$+k1"I#D/$$'9$"#G#(/#,+')#+(,/&1'B"#"1#86F)'M-":##
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# 24#(5/D)"4&"#05'%8/&1#+D)"$B/D("#0"#(5Wt;#)-$#("#1/-<#0"#0C>$/0/1'+4#0")#0C8]1)I#(")#
C(C%"41)#0"#0')&-))'+4#0"#&"11"#8/$1'"#)+41#)"4)'D("%"41#(")#%7%")#M-"#&"-<#0CB"(+88C)#0/4)#
("# &/)# 0-# 1$/'1"%"41# &(/))'M-"# T*+-$@+4V:# A")# ",,"1)# 4+4# '%%C0'/1"%"41# 0C1"&1/D(")# )-$# ("#
,+4&1'+44"%"41#8+-$$/'"41#/B+'$#0")#",,"1)#G#8(-)#(+4>#1"$%"I#4+1/%%"41#0-#,/'1#M-"#(")#(/$B")#
)+'"41#8(-)#)"4)'D(")#/-<#1$/'1"%"41)#(")#/0-(1"):#'
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3.1.2!Synthèse de l’expérimentation multi-sites 
Q,'4# 05C1/D('$# -4# 8$+1+&+("# )1/40/$0# &/8/D("# 05CB/(-"$# (")# ",,"1)# 0")# 1$/'1"%"41)#
BC1C$'4/'$")#)-$#(/#B'1"))"#0"#0')8/$'1'+4#0")#0CE"&1'+4)I#0")#"<8C$'%"41/1'+4)#)'%'(/'$")#+41#C1C#
%"4C")#0/4)#M-/1$"#8/F)#0',,C$"41)I#/B"&#("#%7%"#+DE"&1',#"1#0")#8$+1+&+(")#/))"R#)"%D(/D("):#
A5+DE"&1',# 0"# &"11"# )1/40/$0')/1'+4# ")1# 0"# 8+-B+'$# CB/(-"$# (")# '%8/&1)# 0"# &"$1/'4)# 8$+0-'1)#
BC1C$'4/'$")# )-$# ("# ,+4&1'+44"%"41# 0-# )F)19%"# 0CE"&1'+4# (+$)# 0")# 0C%/$&6")# 0"# 0"%/40"#
05/-1+$')/1'+4#0"#%')"#)-$#("#%/$&6C#0"#&")#%+(C&-(")#+-#8$C8/$/1'+4):###
#
3.1.2.1 Matériel et méthodes 
3.1.2.1.1! Protocole 
Z/4)# (")# %7%")# )'1")# 0C&$'1)# 8$C&C0"%%"41# T;+418"(('"$I# z-$'&6I# O/>"4'4>"4# "1#
A"16D$'0>"V#T&,#o:q:o:d#8:#hgVI#("#%7%"#8$+1+&+("#0"#)-'B'#0")#0CE"&1'+4)#/#C1C#%')#"4#8(/&":#
A")#&'4M#0/1")#0"#8$C(9B"%"41#0")#0CE"&1'+4)#/-#&+-$)#0"#("-$#0C>$/0/1'+4#+41#C1C#/E-)1C")#"4#
,+4&1'+4#0"#(/#B'1"))"#0"#0')8/$'1'+4#0/4)#(")#0',,C$"41)#)'1")#TE-)M-5G#q@h#%+')#8+-$#z-$'&6#"1#
O/>"4'4>"4I#E-)M-5G#df#%+')#8+-$#A"16D$'0>"#"1#;+418"(('"$V:##
#
3.1.2.1.2! Statistiques 
A/#0C>$/0/1'+4#0")#0CE"&1'+4)#/-#&+-$)#0-#1"%8)#/#C1C#/4/(F)C"#0"#0"-<#%/4'9$"):#Z/4)#
-4# 8$"%'"$# 1"%8)I# -4"# ")1'%/1'+4# 0"# (/# %"'(("-$"# ,+4&1'+4# T('4C/'$"I# M-/0$/1'M-"I# &-D'M-"I#
"<8+4"41'"(("#"1#(+>/$'16%'M-"V#&+$$")8+40/41#/-<#0+44C")#/#C1C#",,"&1-C"#8/$#/E-)1"%"41#0")#
%+09(")# >$`&"# /-# &+",,'&'"41# 0"# $C>$"))'+4# K# "1# G# (/# B/("-$# 05QW.# TQL/'L"# W4,+$%/1'+4#
.$'1"$'+4V# TKC)-(1/1)# 4+4# "<8+)C)V:# Z/4)# -4# 0"-<'9%"# 1"%8)I# 8+-$# 1")1"$# (")# ",,"1)# 0")#
0',,C$"41)#1$/'1"%"41)#05'B"$%"&1'4"#"1#(5'4,(-"4&"#0")#)'1")I#-4"#QS.^tQ#/#C1C#",,"&1-C"#)-$#
(/# %/))"# )9&6"# 0")# 0CE"&1'+4)# "4# ,+4&1'+4# 0-# 1"%8)I# 0"# (/# &+4&"41$/1'+4# 05'B"$%"&1'4"#
TB/$'/D("#&+41'4-"VI#0-#)'1"#T,/&1"-$#,'<"V#"1#0"#("-$)#'41"$/&1'+4):#A5QS.^tQ#C1/'1#/88$+8$'C"#
8-')M-"#(/#$C>$"))'+4#('4C/'$"#)5")1#$CBC(C"#71$"#-4#D+4#%+09(":##
#
3.1.2.2 Résultats 
A")# 8$+,'()# 0"# 0')8/$'1'+4# 0")# 0CE"&1'+4)# C1/'"41# 1$9)# )'%'(/'$")# G# O/>"4'4>"4# "1# G#
z-$'&6#/B"&#-4"#0C>$/0/1'+4#1+1/("#"4#%+'4)#0"#g#%+')#TN'>:#fgV:#A/#0')8/$'1'+4#0")#0CE"&1'+4)#
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/#C1C#8(-)#("41"#G#;+418"(('"$#"1#G#A"16D$'0>"#8-')M-5/8$9)#df#%+')#(/#0C>$/0/1'+4#45C1/'1#8/)#
/&6"BC":#Q(+$)#M-5/-#1"$%"#0"#(5"<8C$'"4&"#Tdf#%+')V#'(#$")1/'1#)"-("%"41#dhx#0"#(/#M-/41'1C#
'4'1'/("#0"#D+-)"#0C8+)C"#G#;+418"(('"$I#mmx#45/B/'"41#8/)#"4&+$"#0')8/$-#0"#(/#)-$,/&"#0-#)+(#
G#A"16D$'0>"#T./4/0/V:##
#
#
A)5(1&!bV"!LJ3,(0)3/!'(!23(1%!.(!0&*+%!.&!,'!I('/0)0$!.&!Ya!.&%!D3(%&%!/3/!23/0'*)/$%!
80$*3)/@!8&4+1)*$&!&/!51'**&%!_!J',&(1%!1'*&/$&%!&/!+3).%!%&2@!&/!-3/20)3/!.(!0&*+%!.&!
.$+c0!%(1!,&!0&11')/!&0!.(!%)0&!.6$0(.&;!Z&%!J',&(1%!%3/0!.&%!*3C&//&%!3D0&/(&%!+3(1!27'I(&!
%)0&!&0!27'I(&!.'0&!.&!23,,&20&;!!
#
A")# $C)-(1/1)# '40'B'0-"()# 0"# &6/M-"# )'1"# +D1"4-)# >$`&"# G# 0")# QS.^tQ# 45+41# 8/)#
$CBC(C#05",,"1# )'>4','&/1',#0"# (5'B"$%"&1'4"#4'#0"# (5'41"$/&1'+4#0"# (5'B"$%"&1'4"#/B"&# ("# 1"%8)#
8/))C#)-$#("#1"$$/'4#)-$#(/#0C>$/0/1'+4#0"#(/#%/1'9$"#+$>/4'M-"#)9&6"#0")#0CE"&1'+4):#24#8$"4/41#
(5"4)"%D("#0")#0+44C")I#(5QS.^tQ#/#8/$#&+41$"#$CBC(C#0")#",,"1)#)'>4','&/1',)#0-#1"%8)I#0-#
)'1"# "1# 0"# ("-$# '41"$/&1'+4# TY/D("/-# mV# %/')# 8/)# 0"# (5'41"$/&1'+4# "41$"# ("# 1"%8)# "1# (/#
&+4&"41$/1'+4# "4# 'B"$%"&1'4":# A/# 8$C)"4&"# 05'B"$%"&1'4"# 0/4)# (")# D+-)")# 45/# 0+4&# 8/)#
"41$/l4C#0"#$"1/$0#)'>4','&/1',#0"#0C>$/0/1'+4I#M-"(M-"#)+'1#(/#&+4&"41$/1'+4#"4#'B"$%"&1'4"#0")#
0CE"&1'+4):#A")#0',,C$"4&")#0"#0C>$/0/1'+4#"41$"#(")#)'1")#)+41#'((-)1$C")#>$`&"#/-<#&+-$D")#0")#
0',,C$"41)#1$/'1"%"41)#8+-$#&6/M-"#)'1"#TN'>:#feV:##
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K'D,&'(!Q"!#$%(,0'0%!.&!,6`[BaX`!1$',)%$&!%(1!,'!*'%%&!.&!*'0)91&!315'/)I(&!%927&!&/!
-3/20)3/!.(!%)0&<!.(!0&*+%!+'%%$!%(1!,&!0&11')/<!.&!,'!23/2&/01'0)3/!)/)0)',&!&/!)J&1*&20)/&!.&%!
.$P&20)3/%!&0!.&!,&(1%!)/0&1'20)3/%!1&%+&20)J&%;!Z&%!)/0&1'20)3/%!/3/!%)5/)-)2'0)J&%!3/0!&/%()0&!
$0$!1&0)1$&%!.(!*3.9,&!'-)/!.&!/&!23/%&1J&1!I(&!,&%!J'1)'D,&%!%)5/)-)2'0)J&%;!
#
#
#
#
#
#
Source Somme des carrés DDL Carré moyen F Pr(>|t|) 
Modèle corrigé 475006,75 15 31667,12 155,52 0 
Interception 454406,86 1 454406,86 2231,62 <0,001 
Site 47240,24 3 15746,75 77,33 <0,001 
Mois 96460,22 1 96460,22 473,72 <0,001 
Ivermectine 100,69 1 100,69 0,49 0,482 
Site*Ivermectine 622,50 3 207,50 1,02 0,384 
Site*Mois 54246,02      3 18082,01   88,80    <0,001 
Mois*Ivermectine 43,67 1 43,67 0,21 0,643 
Site*Mois*Ivermectine 126,77 3 42,26 0,21 0,891 
Erreur 108326,86 532 203,62   
Total 1831994,65 548    
Total corrigé 583333,61 547    
      
Modèle corrigé 471068,24 8 58883,53 282,71 0 
Interception 801855,59 1 801855,59 3849,81 <0,001 
Site 96694,33 3 32231,44 154,75 <0,001 
Mois 195444,8 1 195444,8 938,35 <0,001 
Ivermectine 1014,39 1 1014,39 4,87 0,028 
Site*Mois 93441,36      3 31147,12 149,54    <0,001 
Erreur 112265,36 539 208,28   
Total 1831994,65 548    
Total corrigé 583333,61 547    
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#
#
#
#
A)5(1&!b^"!T)*)/(0)3/!'(!23(1%!.(!0&*+%!.&!,'!*'%%&!.&!Ya!.&%!D3(%&%!8&4+1)*$&!&/!
51'**&%!_!J',&(1%!1'*&/$&%!&/!+3).%!%&2@!&/!-3/20)3/!.(!0&*+%!.&!.$+c0!%(1!,&!0&11')/!&0!.(!
01')0&*&/0!80&/&(1!)/)0)',&!.6WXY@!+3(1!'@!i(1)27<!D@!f'5&/)/5&/<!2@!Z&07D1).5&!&0!.@!Y3/0+&,,)&1;!
Z&%!J',&(1%!%3/0!.&%!*3C&//&%!3D0&/(&%!+3(1!27'I(&!01')0&*&/0!&0!27'I(&!.'0&!.&!23,,&20&!
'-)/!.63D0&/)1!(/!+13-),!.&!.$51'.'0)3/!&/!-3/20)3/!.&%!01')0&*&/0%;!
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3.1.2.3 Discussion 
.+41$/'$"%"41# /-<# 8$CB')'+4)# "1# %/(>$C# (")# ",,"1)# 4+1/D(")# 0"# (5'B"$%"&1'4"# )-$# (")#
/$16$+8+0")#+D)"$BC)# (+$)#0-#&6/8'1$"#8$C&C0"41I# (5",,"1# '%%C0'/1#0"#&"11"#%+(C&-("#4"#)5")1#
8/)# /BC$C# )'>4','&/1',# )-$# (/#0')8/$'1'+4#0")#0CE"&1'+4)# )-$# (5"4)"%D("#0")# )'1")# 05C1-0":#S+)#
$C)-(1/1)# '40'M-"41# M-5/88/$"%%"41# (5'B"$%"&1'4"# 45'40-'1# 8/)# )F1C%/1'M-"%"41# -4#
$/("41'))"%"41# 0"# (/# 0C>$/0/1'+4# 0")# 0CE"&1'+4):# ."# 8$+&"))-)# 0"# 0C>$/0/1'+4# 45")1# 8/)#
)"-("%"41# ,+4&1'+4# 0"# (5/&1'B'1C# /88/$"41"# 0")# '4)"&1")#%/')# 8(-1]1# ("# $C)-(1/1# 0"# 4+%D$"-<#
,/&1"-$)#&+%D'4C):#A"#$C>'%"#/('%"41/'$"#0-#DC1/'(#'4,(-"#)-$#(/#1"4"-$#"4#"/-#0")#D+-)")I#&"#
M-'# &+40'1'+44"# ("-$# ,+$%"# "1# ("-$# &+4)')1/4&"# "1# 0+4&# ("-$# B'1"))"# 0"# 0"))'&&/1'+4:# ."11"#
1"4"-$#"4#"/-#8"-1#'4,(-"$#)-$#(/#0C>$/0/1'+4#0")#0CE"&1'+4)#8-')M-5"(("#0C1"$%'4"#(5/11$/&1'B'1C#
0")#D+-)")#B')@G@B')# 0")# '4)"&1")I# (")# 1/-<#05/&1'B'1C#%'&$+D'"44"#/'4)'#M-"# ("#%+$&"(("%"41#
'40-'1#8/$#(/#8+-))"#0")#8(/41")#)+-)#(")#0CE"&1'+4):#Z/4)#(")#&('%/1)#1"%8C$C)#T&+%%"#z-$'&6#
"1#O/>"4'4>"4VI#(5/D)"4&"#05",,"1#0-#1$/'1"%"41#'40'M-"#M-"#(/#0C>$/0/1'+4#0")#0CE"&1'+4)I#/-#
%+'4)#0/4)#(")#0"$4'"$)#)1/0")I#")1#0/B/41/>"#,+4&1'+4#0"#(5/&1'B'1C#0")#B"$)I#$/$"%"41#/,,"&1C)#
8/$# (5'B"$%"&1'4"I# "1# 0"# ("-$# 0C1C$'+$/1'+4# 86F)'M-"# 8(-1]1# M-"# 0"# (/# 0C>$/0/1'+4# 8/$# (")#
'4)"&1")#&+8$+86/>"):#A")#&+40'1'+4)#&('%/1'M-")#/-#%+%"41#0-#0C8]1#+41#)k$"%"41#'4,(-"4&C#
(")# $C)-(1/1)#0")#C1-0")# )-$#&"$1/'4)# )'1")# "4#0C1"$%'4/41# (5/D+40/4&"#0"#>$+-8")# '%8+$1/41)#
05'4)"&1")# &+8$+86/>")# T&+%%"# G#;+418"(('"$# "1# G# A"16D$'0>"V:# 24# ",,"1I# G# A"16D$'0>"I# (/#
&+%%-4/-1C#0"#D+-)'"$)#C1/'1#8$'4&'8/("%"41#&+%8+)C"#05/86+0'"4)#0+41#(")#")89&")#)+41#0"#
8(-)# 8"1'1"# 1/'(("# "1# &+41$'D-"41# 0"# %/4'9$"# %+'4)# /&1'B"# G# (/# 0C>$/0/1'+4# %C&/4'M-":# A/#
8$C)"4&"#05Wt;#0/4)#(")#D+-)")#/#8$'4&'8/("%"41#/,,"&1C#(")#0'819$")#T"4#8/$1'&-('"$#(")#8"1'1")#
")89&")V#M-'#)+41#%+'4)#",,'&/&")#M-"#(")#D+-)'"$)#8+-$#0C>$/0"$#(")#0CE"&1'+4)#TO-#p#=-4I#
ordrV:#A")#%+-&6")#4"# 8C491$"41# 8/)# /-# &u-$#0")#0CE"&1'+4)# "4# &$"-)/41#0")#>/("$'")# "1# 4"#
8"-B"41#0+4&#8/)#'4+&-("$#(")#%'&$++$>/4')%")#C0/86'M-")#$")8+4)/D(")#0"#(/#%'4C$/(')/1'+4#
0")# D+-)"):# 2B/(-"$# (5",,"1# 0")# 1$/'1"%"41)# )-$# ("# ,+4&1'+44"%"41# 4"# 8"$%"1# 0+4&# 8/)# 0"#
0C&"("$#0/4)#(5'%%C0'/1#("-$)#",,"1)#8+1"41'"()#)-$#(/#)1$-&1-$"#0")#&+%%-4/-1C)#&+8$+86'("):#
*/$#/'(("-$)I#(")#(/$B")#&+$$")8+40"41#)+-B"41#/-#)1/0"#("#8(-)#B-(4C$/D("#/-<#1$/'1"%"41)#T"4#
&+%8/$/')+4#/B"&#("#)1/0"#'%/>'4/(V#TA-%/$"1#"1#/(:I#ordoV:#^$#(")#(/$B")I#&6"R#(")#,+-'))"-$)#
8/$#"<"%8("I#4"#8/$1'&'8"41#8/)#G#(/#0C>$/0/1'+4#"4#)-$,/&"#0")#0CE"&1'+4)#8-')M-"#&"#)+41#(")#
/0-(1")I# )+-B"41# 4+4# /,,"&1C)I# M-'# "4,+-'))"41# 0")# 8"(+1")# ,C&/(")# 0/4)# (")M-"((")# "((")# )"#
0CB"(+88"41:# P'"4# M-"# (")# 8/$/&+8$'0")# T4+1/%%"41# (")# >$+))")# ")89&")V# '4,(-"4&"41#
,+$1"%"41# ("# 8$+&"))-)# 0"# 0C>$/0/1'+4# Ty+L+F/%/# "1# /(:I# deed/n# y+L+F/%/# "1# /(:I# deedDn#
y+L+F/%/# p# ?/'I# deefn# P/4># "1# /(:I# orrmVI# ("# )-'B'# ,+4&1'+44"(# 0")# 0CE"&1'+4)# T8"$1"# 0"#
%/1'9$"#+$>/4'M-"V#4"#8"$%"1#0+4&#8/)#05CB/(-"$#(5'%8/&1#0")#1$/'1"%"41)#BC1C$'4/'$")#)-$#&")#
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")89&")I#G#%+'4)#M-"#(/#%+(C&-("#1-"#'%%C0'/1"%"41#(")#'4)"&1")#/0-(1")#/-#,-$#"1#G#%")-$"#0"#
("-$# /$$'BC"# T&/)# 0-# 0'&6(+$B+)# (+4>1"%8)# -1'(')C# &+%%"# /41'8/$/)'1/'$"# &6"R# ("# &6"B/(I# 8/$#
"<"%8("#n# TA-%/$"1I# degqVV:# A")# ",,"1)# G# (+4># 1"$%"# )-$# (")# 8+8-(/1'+4)# 0"# 8/$/&+8$'0")#
/88/$/'))"41# 0"# (/# )+$1"# )+-)@")1'%C)I# (")# ",,"1)# 4"# )"# ,/')/41# )"41'$# M-"# )-$# (/# >C4C$/1'+4#
)-'B/41":#A/#4+4#)'>4','&/1'B'1C#0")#1$/'1"%"41)#)-$#(5"4)"%D("#0")#)'1")#$CB9("#(/#('%'1"#05-4"#
/88$+&6"# -4'M-"%"41# ,+4&1'+44"(("# "1# '4&'1"# G# (/# 8$-0"4&"# M-/41# G# )+4# -1'(')/1'+4# "1# G# )+4#
'41"$8$C1/1'+4:#
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3.2!Contribution des vagues successives d’insectes 
coprophiles à la dégradation des bouses dans un 
écosystème pâturé 
 
3.2.1!Introduction!
A")# )-&&"))'+4)# 6C1C$+1$+86'M-")# $/))"%D("41# -4# >$/40# 4+%D$"# 05+$>/4')%")#
0',,C$"41)# M-'# '41"$/>'))"41# "41$"# "-<:# A/# &+(+4')/1'+4# 0")# 0CE"&1'+4)# /4'%/(")# 8"-1# 71$"#
&+4)'0C$C"#&+%%"#-4#D+4#%+09("#8+-$#C1-0'"$# ("#86C4+%94"#0"#,/&'('1/1'+4#/-#&+-$)#05-4"#
)-&&"))'+4I# (")# &+(+4')/1"-$)# 8(-)# 1/$0',)# 8+-B/41# DC4C,'&'"$# 0"# (5/&1'B'1C# 0")# 8$C&C0"41)#
T.+44"((#p# =(/1F"$I# dehhV:# Z/4)# (")# $C>'+4)# 1"%8C$C")I# (")# D+-)")# )+41# &+(+4')C")# 8/$# (")#
")89&")# 0"# 0'819$")# T=&'/$'0/"I# =&/1+8)'0/"I# ."&'0+%F''0/"I# *6+$'0/"I# ="8)'0/"I#
=86/"$+&"$'0/"#/40#2%8'0'0/"V# '%%C0'/1"%"41#/8$9)# ("-$#0C8]1I# )-'B'")# $/8'0"%"41#8/$# (")#
D+-)'"$)#TbF0$+86'('0/"I#3"+1$-8'0/"#/40#=&/$/D/"'0/"#T=&/$/D/"'4/"#/40#Q86+0''4/"VV#8-')#
8/$# (")# 8$C0/1"-$)# Tb')1"$'0/"I# =1/86F('4'0/"I# bF%"4+81"$/I# Q&/$'V# M-'# /$$'B"41# 8(-)#
1/$0'B"%"41# # T;+6$I# deHfn# ?+)L"(/# p# b/4)L'I# dehhV:# A/# 8$C)"4&"# 0")# D+-)'"$)# 8"-1#
'40'$"&1"%"41#,/B+$')"$#(/#0C>$/0/1'+4#0")#0CE"&1'+4)#"4#/->%"41/41#("-$#/11$/&1'B'1C#8+-$#(")#
&+(+4')/1"-$)# )-'B/41)# Tb+(1"$I# deheV:# 24# ,+4&1'+4# 0"# (5`>"# 0"# (5"<&$C%"41I# )/# 0C>$/0/1'+4#
0C8"40#/-))'#0")# '41"$/&1'+4)# "41$"# (")#0'819$")# "1# (")# &+(C+819$")# &+8$+86/>")# TO-#p#=-4I#
ordrV:#A")#8$C0/1"-$)#M-/41#G#"-<#8"-B"41#"41$/B"$#(5/&1'+4#0")#&+8$+86/>")#"1#'40'$"&1"%"41#
'4,(-"$# )-$# (")# 8$+&"))-)# 0"# 0C>$/0/1'+4# TO-# "1# /(:I# orddV:# .")# '41"$/&1'+4)# )+41# )+-B"41#
&+%8("<")#8-')M-"#(")#8$C0/1"-$)#8"-B"41#DC4C,'&'"$#0"#(5/&1'B'1C#0")#D+-)'"$)#,+-'))"-$)#0+41#
("# $C)"/-# 0"# >/("$'")# 8"$%"1# 05/11"'40$"# 8(-)# ,/&'("%"41# (")# 8$+'")# 8+1"41'"((")# Tb/%%"$I#
deHoV:#'
Z/4)#(")#C&+)F)19%")#8`1-$C)I#("#$"&F&(/>"#0")#0CE"&1'+4)#/4'%/(")#,/B+$')"#(/#,"$1'('1C#
"1#(/#8$+0-&1'B'1C#0")#8`1-$")#T=1"B"4)+4#p#Z'40/(I#deghV:#A5"<&(-)'+4#/$1','&'"(("#0")#'4)"&1")#
8/$#0")#>$'((/>")#G#%/'((")#,'4")#0'%'4-"#(/#B'1"))"#0"#0C>$/0/1'+4#0")#D+-)")I#&"#M-'#0C%+41$"#
("# $]("# 8$'%+$0'/(# E+-C# 8/$# &")# +$>/4')%")# Tb+(1"$I# dehen# A-%/$"1#p#?/0'$'I# deemV:# A""# "1#
O/((# TorrqV# +41# %+41$C# M-5-4"# "<&(-)'+4# 0"# &+-$1"# 0-$C"# To# E+-$)V# )"# 1$/0-')/'1# 8/$# -4"#
$C0-&1'+4#)'>4','&/1'B"#0-#4+%D$"#05'4)"&1")#&+(+4')/1"-$)#"1#0"# (/#0C>$/0/1'+4:#24#+-1$"I# (/#
&+41$'D-1'+4#0")#")89&")#/-#,+4&1'+44"%"41#")1#1$9)#'4C>/("#"1#0C8"40#0-#>$+-8"#,+4&1'+44"(#
/-M-"(# "((")# /88/$1'"44"41# T=(/0"# "1# /(:I# orrhn# K+)"4("a# p# K+)('4I# orrgV:# A"# $]("# 0")#
8$C0/1"-$)#)-$# ("# ,+4&1'+44"%"41#0")#)F)19%")#0C1$'1'B+$")#")1#)+-B"41#)+-)@")1'%C#TZF"$#p#
A"1+-$4"/-I# orrfV# n# (")# C1-0")# )-$# ("# )-E"1# +41# ,/'1# C1/1# 05",,"1)#%'4"-$)# 05/%8('1-0"# "1# 0"#
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0'$"&1'+4)#B/$'/D(")#0/4)#&")#$C)"/-<#1$+86'M-")##TZ"#K-'1"$#"1#/(:I#deemn#O/$0("#"1#/(:I#orrHn#
O/$0("I#orrqV:#O-#"1#/(:#TorddV#+41#&"8"40/41#%+41$C#M-"#(")#8$C0/1"-$)#8+-B/'"41#/B+'$#-4#
",,"1# 4C>/1',# )-$# (/# 0C>$/0/1'+4# 0")# D+-)")# "1# )-$# (/# 8$+0-&1'+4# 8$'%/'$"I# 0'1# ",,"1# i#D$+a4#
a+$(0#j#B'/#-4"#$C>-(/1'+4#0")#8+8-(/1'+4)#0"#&+8$+86/>"):#
A5+DE"&1',#0"#4+1$"#C1-0"#/#C1C#05"</%'4"$# (")#",,"1)#0"# (5"<&(-)'+4#0")# &+(+4')/1"-$)#
8"40/41# 0',,C$"41")# 0-$C")# )-$# ("# 8$+&"))-)# 0"# 0C>$/0/1'+4# 0")# "<&$C%"41)# "1# 0"# 1")1"$#
(56F8+169)"# 0"# # &"1# ",,"1# i#D$+a4#a+$(0#j:# Y/40')# M-"# (/# &+%8(C%"41/$'1C# "1# (/# ,/&'('1/1'+4#
"41$"# (")#B/>-")#0"#&+(+4')/1'+4#0"B$/'"41#&+41$'D-"$#G#/->%"41"$# ("# 1/-<#0"#0C>$/0/1'+4I# (/#
8$C0/1'+4#"1#(/#&+%8C1'1'+4#0"B$/'"41#("#$C0-'$":#
'
3.2.2!Matériel et méthodes 
 
3.2.2.1 Protocole 
S+-)# /B+4)# )-'B'# -4# 8$+1+&+("# 1$9)# )'%'(/'$"# G# &"(-'# 0C&$'1# 8$C&C0"%%"41I#
(5"<8C$'%"41/1'+4# /F/41# C1C# &+40-'1"# )'%-(1/4C%"41# /-<# /-1$")I# # )-$# ("# %7%"# )'1"# 05C1-0":##
*+-$#CB/(-"$#(")#",,"1)#0")#B/>-")#0"#&+(+4')/1'+4#)-&&"))'B")#)-$#(/#0C>$/0/1'+4I#0")#D+-)")#
&/('D$C")# T/4'%/-<#4+4# 1$/'1C)V#+41# C1C#0C8+)C)#8-')# (")# '4)"&1")#+41# C1C# "<&(-)#8"40/41# 0")#
(/8)# 0"# 1"%8)# 8(-)# +-# %+'4)# (+4>I# /B"&# &+%D'4/')+4# 0")# 8C$'+0")# 05"<&(-)'+4:# ='<#
&+%D'4/')+4)#05"<&(-)'+4#+41#C1C#1")1C")#/-#&+-$)#0")#1$+')#8$"%'9$")#)"%/'4")#M-'#+41#)-'B'#
("#0C8]1I##"4#0')8+)/41#/-@0"))-)#0")#D+-)")#-4#>$'((/>"#%C1/(('M-"#C1/4&6"#0"#%/'((/>"#d#%%#
TN'>:#HrV:#.")#0',,C$"41")#%+0/('1C)#)+41#(")#)-'B/41")#\##
@# "<&(-)'+4# 0"8-')# ("# E+-$# 0-# 0C8]1# 0")# D+-)")# E-)M-5/-# h9%"# E+-$I# (")# D+-)")# C1/41#
"4)-'1"#(/'))C")#('D$")#0571$"#&+(+4')C")#\#%+0/('1C#r@hn#
@#"<&(-)'+4#0"8-')#("#E+-$#0-#0C8]1#E-)M-5/-#dH9%"#E+-$I#8-')#&+(+4')/1'+4#('D$"#\#%+0/('1C#
r#@#dH#n#
@#"<&(-)'+4#0"8-')#("#E+-$#0-#0C8]1#E-)M-5/-#0CD-1#/-#od9%"#E+-$#\#%+0/('1C#r@od#n#
@#"<&(-)'+4#"41$"#("#h9%"#"1#("#dH9%"#E+-$#\#%+0/('1C#h@dH#n#
@#"<&(-)'+4#"41$"#("#h9%"#"1#("#od9%"#E+-$#\#%+0/('1C#h@od#n#
@#"<&(-)'+4#"41$"#("#dH9%"#"1#("#od9%"##E+-$#\#%+0/('1C#dH@od:#
#
24# &+%D'4/')+4# /B"&# &")# %+0/('1C)I# +4# /# &+%8(C1C# /B"&# 05/-1$")# D+-)")# -1'(')C")#
&+%%"#1C%+'4)#)/4)#"<&(-)'+4:#A")#D+-)")#&+$$")8+40/41#G#&")#0',,C$"41")#%+0/('1C)#+41#C1C#
0')8+)C")# "4# ('>4"# 0/4)# ("# 8$+(+4>"%"41# 0")# 0C8]1)# 0CEG# $C/(')C)# 0/4)# ("# &/0$"# 0")#
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"<8C$'%"41/1'+4)# 0C&$'1")# 0/4)# (5"<8C$'"4&"# 8$C&C0"41"# T&,# f:d:d:o# 8:# eoVI# /B"&# ("# %7%"#
8$+1+&+("#0"#&+(("&1"#0")#0C8]1):##
t'4>1#&'4M#D+-)")#+41#C1C#0C8+)C")#8/$#1$/'1"%"41#/,'4#0"#0')8+)"$#0"#m#$C8('&/1)#(+$)#
0-#)-'B'#0")#C1/8")#0"#(/#0C>$/0/1'+4#G#m#%+%"41)#0',,C$"41)#T$"("BC)#",,"&1-C)#dI#oI#qI#e#"1#df#
%+')#/8$9)#("#0C8]1V:#."41#)+'</41"#M-'4R"#0C8]1)#+41#0+4&#C1C#",,"&1-C)#("#e#%/'#ordd#8+-$#
(5"4)"%D("# 0"# &")# 1$/'1"%"41)I# &6/M-"# D+-)"# /F/41# C1C# 8")C"# '40'B'0-"(("%"41#Thqf# dh# >I#
8+'0)#,$/')V:##
Q# (5+$'>'4"# (/# D+-)"# 8$+B'"41# 0")# %7%")# /4'%/-<# /B/41# ("-$# 1$/'1"%"41# "1# /# C1C#
8$C("BC"# )"(+4# ("# %7%"# 8$+1+&+("# M-"# &"(-'# 0C&$'1# 8$C&C0"%%"41# T&,# f:d:d:o# 8:# eoV:# A")#
%7%")# +8C$/1'+4)# )-$# (/# D+-)"# T)C&6/>"# "1# 8F$+(F)"V# +41# C1C# ",,"&1-C")# 8+-$# +D1"4'$# ("-$#
8+-$&"41/>"#0"#;^#)9&6"# $")1/41"#8/$# $/88+$1#G# (/#M-/41'1C# '4'1'/("# /'4)'#M-"# (")# 1"4"-$)#"4#
%/1'9$"#%'4C$/("#0")#D+-)")#8/$#$/88+$1#G#("-$#%/))"#)9&6"#/-<#&'4M#0/1")#0"#&+(("&1"#TdI#oI#qI#
e#"1#df#%+')#/8$9)#("#0C8]1V#T&,#f:d:d:o:o#8:#efV:#######
#
#
A)5(1&!?>;!"!h1),,'5&!*$0',,)I(&!+&1*&00'/0!,6&42,(%)3/!.&%!)/%&20&%!23,3/)%'0&(1%;
3.2.2.2 Analyses statistiques 
Y+-1")# (")#%+0/('1C)# +41# 05/D+$0# C1C# &+4)'0C$C")# "4)"%D("# /B/41# M-"# (")# /4/(F)")# )"#
,+&/(')"41# )-$# (")# %+0/('1C)# )-'B/41")I# 8+-$# 1"4'$# &+%81"# 0")# $C)-(1/1)# +D1"4-)# (+$)# 0")#
"<8C$'%"41/1'+4)#8$C&C0"41")#\#1C%+'4#T&+(+4')/1'+4#('D$"#)/4)#"<&(-)'+4VI#%+0/('1C)#r@h#"1#h@
dHI# &+$$")8+40/41# $")8"&1'B"%"41# /-<# )'1-/1'+4)# )-'B/41")#\# &+%%-4/-1C# /B"&# &+"<')1"4&"#
i#&+8$+86/>")# "1# 8$C0/1"-$)#jI# &+%%-4/-1C# i#)/4)# &+8$+86/>")#j# "1# &+%%-4/-1C# i#)/4)#
8$C0/1"-$)#j:##
A")#0+44C")I#&+4)'0C$C")#&+%%"#4+4#4+$%/(")#"4#$/')+4#0-#,/'D("#4+%D$"#0"#$C8('&/1)I#
+41# C1C# /4/(F)C")# 8/$# 0")# 1")1)# 4+4# 8/$/%C1$'M-"):# Q# &6/M-"# 0/1"# 0"# &+(("&1"I# 0")# 1")1)# 0"#
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?$-)L/(@O/((')#T?OV#+41#C1C#",,"&1-C)#)-$#("#8+-$&"41/>"#0"#;^#0")#D+-)")#"1#)-$#("-$#1"4"-$#
"4# %/1'9$"# %'4C$/("# 8+-$# 0C1"$%'4"$# (")# ",,"1)# )'>4','&/1',)# 0")# 1$/'1"%"41):# A+$)M-5-4"#
0',,C$"4&"#)'>4','&/1'B"#/#C1C#%')"#"4#CB'0"4&"I#0")#&+%8/$/')+4)#%-(1'8(")#"41$"#(")#0',,C$"41)#
1$/'1"%"41)#+41#C1C#$C/(')C")#>$`&"#G#-4#1")1#0"#;/44@O6'14"F#T;OV:#*+-$#$C0-'$"#(")#"$$"-$)#
0"# 1F8"# W# 1+-1# "4# ('%'1/41# (/# 8"$1"# 0"# 8-'))/4&"# "1# (")# "$$"-$)# 0"# 1F8"# WW# T;+$/4I# orrfn#
S/L/>/a/I#orrHVI#(")#$C)-(1/1)#0")#&+%8/$/')+4)#%-(1'8(")#+41#C1C#'41"$8$C1C)#/B"&#8$C&/-1'+4#
"1#(5/4/(F)"#)5")1#,+&/(')C"#)-$#(")#$C)-(1/1)#$C&-$$"41):###
#
A")#1/-<#0"#0')8/$'1'+4#0"#(/#%/1'9$"#,C&/("$#+41#C1C#0C1"$%'4C)#G#8/$1'$#0")#M-/41'1C)#0"#
%/1'9$"#+$>/4'M-"#$")1/41"#0")#D+-)")#/-<#0',,C$"41")#0/1")#0"#$"("BC):#A56C1C$+>C4C'1C#"41$"#
(")#C&6/41'((+4)#05-4#%7%"#1$/'1"%"41#/#C1C#")1'%C"#/B"&#("#&+",,'&'"41#0"#B/$'/1'+4I#M-'#")1#("#
$/1'+# "41$"# (/# 0CB'/1'+4# )1/40/$0# "1# (/# %+F"44"# "<8$'%C"# "4# 8+-$&"41/>":# A")# 0+44C")#
45C1/'"41# 8/)# 4+$%/("%"41# 0')1$'D-C")# "1# +41# 0+4&# C1C# /4/(F)C")# /B"&# 0")# 1")1)# 4+4#
8/$/%C1$'M-"):#U4#1")1#U#0"#;/44@O6'14"F#/#C1C#-1'(')C#8+-$#&+%8/$"$#0"-<#1$/'1"%"41)#G#-4"#
0/1"#0+44C"#"1# -4# 1")1# 8/$#8/'$"#0"#O'(&+<+4# TOV#/# C1C# /88('M-C# T'V# G# (/#M-/41'1C#0"#D+-)"#
$")1/41"# 0"# 0"-<# 1$/'1"%"41)# 0',,C$"41)# /B"&# (")# 0+44C")# 05-4"# %7%"# 0/1"# /(C/1+'$"%"41#
+$0+44C")# "1# T''V# /-# &+",,'&'"41# 0"# B/$'/1'+4# 0"# (/# %/1'9$"# +$>/4'M-"# )9&6"# 0")# D+-)")# 0")#
0',,C$"41)#1$/'1"%"41)#/-#&+-$)#0-#1"%8):##
!
3.2.3!Résultats 
3.2.3.1 Ensemble des modalités 
A")# $C)-(1/1)# 0")# 8+-$&"41/>")# 0"# ;^# )9&6"# $")1/41"# "1# 0")# 1"4"-$)# "4# %/1'9$")#
%'4C$/(")# 8+-$# (")# &'4M# 0/1")# 0"# &+(("&1"# +41# 8"$%')# 05+D1"4'$# ("# 8$+,'(# 0"# 0C>$/0/1'+4# 0")#
D+-)")#/-#&+-$)#0-#1"%8)#TN'>:#HdV#/'4)'#M-"#(5CB+(-1'+4#0"#("-$#1"4"-$#%'4C$/("#TN'>:#HoV#8+-$#
&6/M-"# 1$/'1"%"41:# A")# 8+-$&"41/>")# 0"# ;^# )9&6"# $")1/41"# "4# ,+4&1'+4# 0")# 0',,C$"41")#
%+0/('1C)#05"<&(-)'+4#)"#)+41#$CBC(C)#0',,C$"41)I#"4#('%'1"#0"#)'>4','&/1'B'1C#/8$9)#1$"'R"#%+')#
0"# 0C>$/0/1'+4# T?O\# b# # doIHqH#n# ZZA# # q#n# 8# # rIrmoV:# P'"4# M-5'(# &+4B'"44"# 0"# $")1"$#
8$-0"41I#(")#0C8]1)#h@dH#C1/'"41#)'>4','&/1'B"%"41#8(-)#0C>$/0C)#M-"#(")#0C8]1)#r@hI#r@dH#"1#r@
od# T;O\# 8# # rIrfq#n# 8# # rIrdo# "1# 8# # rIrdoI# $")8"&1'B"%"41V:# A")# 0C8]1)# r@od# )"# )+41#
C>/("%"41# /BC$C)#%+'4)# 0C>$/0C)# M-"# (")# 0C8]1)# dH@od# T;O\# 8rIrfhV:# .")# $C)-(1/1)# )+41#
'((-)1$C)#8/$#(/#,'>-$"#Hf:#A")#D+-)")#(")#%+'4)#0C>$/0C")#+41#C1C#+D1"4-")#(+$)M-"#(")#'4)"&1")#
C1/'"41#"<&(-)#8"40/41#/-#%+'4)#(/#8$"%'9$"#)"%/'4"#)-'B/41#("-$#0C8]1#Tr@hI#r@dHI#r@odV#/B"&#
$")8"&1'B"%"41#ddI#h# "1# de#x#0"#;^# "4#8(-)#8/$# $/88+$1# /-<# 1C%+'4):#A")#D+-)")# (")#8(-)#
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0C>$/0C")#+41#C1C#+D)"$BC")#8+-$# (")# 1$/'1"%"41)# h@dH#"1#dH@od#/B"&#0")#8"$1")#0"#;^#8(-)#
'%8+$1/41")#M-"#8+-$#(")#1C%+'4)#Tdg#"1#h#xI#$")8"&1'B"%"41V:#
'
'
A)5(1&!?H"!LJ3,(0)3/!'(!23(1%!.(!0&*+%!.(!+3(12&/0'5&!.&!Ya!%927&!1$%).(&,,&!.&%!D3(%&%!&/!
-3/20)3/!.&%!*3.',)0$%!.6&42,(%)3/!.&%!)/%&20&%!23,3/)%'0&(1%;!Z&%!.3//$&%!3/0!$0$!
*3C&//$&%!+3(1!27'I(&!*3.',)0$!&0!27'I(&!.'0&!.&!23,,&20&!'-)/!.63D0&/)1!(/!+13-),!.&!
.$51'.'0)3/!&/!-3/20)3/!.&%!01')0&*&/0%;!
'
'
'
A)5(1&!?="!LJ3,(0)3/!'(!23(1%!.(!0&*+%!.&!,'!0&/&(1!&/!*'0)91&!*)/$1',&!.&%!D3(%&%!&/!
-3/20)3/!.&%!*3.',)0$%!.6&42,(%)3/;!Z&%!.3//$&%!3/0!$0$!*3C&//$&%!+3(1!27'I(&!*3.',)0$!&0!
27'I(&!.'0&!.&!23,,&20&!'-)/!.63D0&/)1!(/!+13-),!.&!%3/!$J3,(0)3/!&/!-3/20)3/!.&%!01')0&*&/0%;!
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'
'
A)5(1&!?b"!R3(12&/0'5&!.&!Ya!%927&!1$%).(&,,&!.&%!D3(%&%!01&)l&!*3)%!'+19%!,&(1!.$+c0!&/!
-3/20)3/!.&%!*3.',)0$%!.6&42,(%)3/!)/)0)',&!.&%!)/%&20&%!23,3/)%'0&(1%;!
#
A")#1"4"-$)#"4#%/1'9$")#%'4C$/(")#C1/'"41#)'>4','&/1'B"%"41#0',,C$"41")#T+-#"4#('%'1"#0"#
)'>4','&/1'B'1CV#/8$9)#oI#q#"1#e#%+')#)-'B/41#("#0C8]1#0")#"<&$C%"41)#T?O\#b##oHImmq#n#ZZA##
q#n# 8# # rIrrd# n#b# # oHIeHH#n#ZZA# # q#n# 8# # rIrrd# "1#b# # doIHhq#n#ZZA# # q#n# 8# # rIrmoI#
$")8"&1'B"%"41V:##
Q8$9)#0"-<#%+')# )-$# ("# 1"$$/'4I# (/# 1"4"-$# "4#%/1'9$")#%'4C$/(")#0")#D+-)")#r@h# C1/'1#
)'>4','&/1'B"%"41#%+'4)#'%8+$1/41"##M-"#&"((")#0")#D+-)")#h@dHI#h@od#"1#dH@od#"1#0")#D+-)")#
1C%+'4)# T;O\# 8# # rIrdoV:# A")# D+-)")# r@dH# 8$C)"41/'"41# 0")# 1"4"-$)# %'4C$/(")#
)'>4','&/1'B"%"41# 8(-)# ,/'D(")# M-"# (")# D+-)")# h@dHI# h@od# "1# (")# 1C%+'4)# T;O\# 8# # rIrdoV:#
24,'4I# (")# 1"4"-$)# %'4C$/(")# 0")# D+-)")# r@od# C1/'"41# )'>4','&/1'B"%"41# %+'4)# C("BC")# M-"#
&"((")#0")#D+-)")#h@dHI#h@odI#dH@od#"1#0")#1C%+'4)#T;O\#8##rIrdo#n#8##rIrdo#n#8##rIroo#"1#8#
#rIrdoI#$")8"&1'B"%"41V#TN'>:#HHV:##
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'
A)5(1&!??"!K&/&(1!&/!*'0)91&%!*)/$1',&%!.&%!D3(%&%!.&(4!*3)%!'+19%!,&(1!.$+c0!&/!-3/20)3/!
.&%!*3.',)0$%!.6&42,(%)3/!)/)0)',&!.&%!)/%&20&%!23,3/)%'0&(1%;!
#
='<#%+')# /8$9)# ("-$# 0C8]1I# (")# D+-)")# r@h# /B/'"41# -4"# 1"4"-$# "4#%/1'9$")#%'4C$/(")#
)'>4','&/1'B"%"41#8(-)#,/'D("#M-"#&"(("#0")#D+-)")#h@od#T;O\#8##rIrdoV:#A/#1"4"-$#%'4C$/("#
0")#D+-)")#r@dH#C1/'1#)'>4','&/1'B"%"41#8(-)#D/))"#M-"#&"(("#0")#D+-)")#h@dHI#h@odI#dH@od#"1#
&"(("#0")#1C%+'4)#T;O\#8##rIrdoV:#24,'4I#(")#D+-)")#r@od#8$C)"41/'"41#-4"#1"4"-$#"4#%/1'9$")#
%'4C$/(")#)'>4','&/1'B"%"41#8(-)#,/'D("#M-"#8+-$#1+-)#(")#/-1$")#1$/'1"%"41)#Tr@hI#r@dHI#1C%+'4I#
h@dHI#h@odI#dH@odV#T;O\#8##rIroo#n#8##rIroo#n#8##rIrdo#n#8##rIrdo#n#8##rIrdo#n#8##rIrdoI#
$")8"&1'B"%"41V#TN'>:#HmV:##
#
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'
A)5(1&!?Q"!K&/&(1!&/!*'0)91&%!*)/$1',&%!.&%!D3(%&%!%)4!*3)%!'+19%!,&(1!.$+c0!&/!-3/20)3/!.&%!
*3.',)0$%!.6&42,(%)3/!)/)0)',&!.&%!)/%&20&%!23,3/)%'0&(1%;!
#
Q8$9)#4"-,#%+')#0"#0C>$/0/1'+4I# (")#&+%8/$/')+4)#%-(1'8(")#+41#%')#"4#CB'0"4&"# (")#
%7%")#8$'4&'8/(")#0',,C$"4&")#)'>4','&/1'B")I#&+4,'$%/41#(")#$C)-(1/1)#8$C&C0"41):#A/#1"4"-$#"4#
%/1'9$")#%'4C$/(")#0")#D+-)")#r@od#C1/'1#)'>4','&/1'B"%"41#8(-)#,/'D("#M-"#&"(("#0")#D+-)")#h@
dH# "1# 0")# 1C%+'4)# T;O\# 8# # rIrooV:# A")# 1$/'1"%"41)# +v# (")# 1"4"-$)# "4#%/1'9$")#%'4C$/(")#
C1/'"41# (")# 8(-)# C("BC")# C1/'"41# &"-<#8+-$# (")M-"()# (")# '4)"&1")# /B/'"41# "-# /&&9)# /-<#D+-)")#
8"40/41#(/#8$"%'9$"#)"%/'4"#%/')#C1/'"41#"<&(-)#8"40/41#(/#0"-<'9%"#)"%/'4"#+-#8"40/41#(")#
0"-<'9%"# "1# 1$+')'9%"# )"%/'4"):# 24# &+%8/$/')+4# /B"&# (")# D+-)")# 1C%+'4)I# (")# 1"4"-$)#
%'4C$/(")# C1/'"41# 8(-)# '%8+$1/41")# 8+-$# (")# D+-)")# h@dH# "1# h@od# T/B"&# "4# %+F"44"#
$")8"&1'B"%"41#e#"1#o#x#"4#8(-)V#"1#8(-)#,/'D(")#8+-$#(")#D+-)")#r@odI#r@dHI#r@h#"1#dH@od#TmfI#
fmI# de# /40# q# x# 0"# %+'4)I# $")8"&1'B"%"41V:# A")# %+0/('1C)# /F/41# &+40-'1# /-<# 8(-)# ,/'D(")#
1"4"-$)#"4#%/1'9$")#%'4C$/(")#0/4)#(")#D+-)")#$C)'0-"((")#C1/'"41#0+4&#&"((")#8+-$#(")M-"((")#
(")#'4)"&1")#C1/'"41#"<&(-)#8"40/41#/-#%+'4)#(/#8$"%'9$"#)"%/'4"#Tr@hI#r@dH#"1#r@odV:#
!
3.2.3.2 Comparaison des rôles entre prédateurs et coprophages 
A/#,'>-$"#Hq#%+41$"#(5CB+(-1'+4#/-#&+-$)#0-#1"%8)#0"#(/#M-/41'1C#0"#%/1'9$"#+$>/4'M-"#
0")#D+-)")#1C%+'4)#T('D$"%"41#&+(+4')C")V:#Q-#0CD-1#0"#(5"<8C$'"4&"I#(/#%/))"#%+F"44"#0"#(/#
%/1'9$"#+$>/4'M-"#)9&6"#0")#D+-)")#C1/'1#0"#ddmIe#{@#rId#>#T)-$#hqf#{@#dh#>#0"#8+'0)#,$/')#"4#
%+F"44"V:#A"#1/D("/-#q#'40'M-"#&"$1/'4")#%C0'/4")#"1#'41"$M-/$1'(")#8+-$#(")#1$+')#1$/'1"%"41)#
T1C%+'4I# )/4)# &+8$+86/>")I# )/4)# 8$C0/1"-$)V# G# 0',,C$"41")# 0/1")# 0"# (5"<8C$'"4&":# A")#
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0',,C$"4&")#"41$"# (")#D+-)")#05-4"#%7%"#)C$'"#/->%"41"41# /B"&# ("# 1"%8)# TN'>:#HhV:#Q8$9)#q#
%+')I# /-&-4"# 0',,C$"4&"# )'>4','&/1'B"# 45/# 8-# 71$"# %')"# "4# CB'0"4&"# "41$"# (")# 0',,C$"41)#
1$/'1"%"41)#8$')#0"-<#G#0"-<#T;O\#4##m{m#n#U##g#n#8##rIHV:#Q8$9)#df#%+')I#/(+$)#M-5'(#45F#
/B/'1# 1+-E+-$)# 8/)# 0"# 0',,C$"4&"# )'>4','&/1'B"# "41$"# ("# 1C%+'4# "1# (")# 0"-<# /-1$")# 1$/'1"%"41)#
T;O\#1C%+'4#B)#)/4)#&+8$+86/>")#4##m{m#n#U##dr#n#8!#rIh#n#1C%+'4#B)#)/4)#8$"0/1"-$)#4#
# m{m#n# U# # h#n# 8# # rIfVI# -4"# 0',,C$"4&"# )'>4','&/1'B"# /# C1C# +D)"$BC"# "41$"# (")# 0"-<# /-1$")#
1$/'1"%"41)#T4##m{m#n#U##o#n#8##rIrfV:#A/#&+%8/$/')+4#(+4>'1-0'4/("#0")#)C$'")#&+%8(91")#45/#
8/)#$CBC(C#0"#0',,C$"4&"#)'>4','&/1'B"#"41$"#("#1C%+'4#"1#("#1$/'1"%"41#i#)/4)#8$C0/1"-$)#j#TO\#4#
# om{om#n# O# # ded#n# 8# # rIHqVI# -4"# 0',,C$"4&"# 8$")M-"# )'>4','&/1'B"# "41$"# ("# 1C%+'4# "1# ("#
1$/'1"%"41# i#)/4)# &+8$+86/>")#j# TO\# 4# # om{om#n# O# # ofo#n# 8# # rIrqV# "1# -4"# 0',,C$"4&"#
)'>4','&/1'B"#"41$"#(")#0"-<#1$/'1"%"41)#05"<&(-)'+4#TO\#4##om{om#n#O##oge#n#8##rIrrdV:#A")#
0',,C$"4&")#0"#%/))")#)9&6")#0")#D+-)")#/->%"41"41#/B"&#("#1"%8)#0"#(/#%7%"#%/4'9$"#8+-$#
1+-)# (")# 1$/'1"%"41)# TN'>:# HhVI# )/4)# 0',,C$"4&"# )'>4','&/1'B"# "41$"# ("# 1$/'1"%"41# i#)/4)#
8$C0/1"-$)#j#"1#("#1C%+'4#TO\#4##m{m#n#O##do#n#8##rIfdV#%/')#/B"&#0")#0',,C$"4&")#8$")M-"#
)'>4','&/1'B")#"41$"#("#1$/'1"%"41#i#)/4)#&+8$+86/>")#j#"1#(")#0"-<#/-1$")#1$/'1"%"41)#TO\#4##
m{m#n#O##dm#n#8##rIrqV:'#
'
'
A)5(1&!?S"!LJ3,(0)3/!'(!23(1%!.(!0&*+%!.&!,'!*'0)91&!315'/)I(&!%927&!1&%0'/0&!.&%!D3(%&%!
0$*3)/%;!Z&%!D3\0&%!N!*3(%0'27&%!1&+1$%&/0&/0!,'!.)%+&1%)3/!.&%!2)/I!1$+,)2'0%!+3(1!27'I(&!
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K'D,&'(!S"!Y'%%&!%927&!8&/!51'**&%@!.&!,'!*'0)91&!315'/)I(&!.&%!D3(%&%!8*$.)'/&!&0!
)/0&1I('10),&%@!+3(1!,&%!.)--$1&/0%!01')0&*&/0%!.6&42,(%)3/!N!.&(4!.'0&%!'+19%!,&(1!.$+c0!8S!&0!Hb!
*3)%@;!
 Mattière organique des bouses (poids sec) 
(médiane / interquartiles) 
 après 6 mois après 13 mois 
Témoin 78,2 / 30,7  7,5 / 32,3  
Sans coprophages  82,3 / 10,1  35,2 / 11,1  
Sans prédateurs 70,0 / 42,2  0,1 / 6,7  
 
 
 
A)5(1&!?U"!LJ3,(0)3/!'(!23(1%!.(!0&*+%!.&%!23&--)2)&/0%!.&!J'1)'0)3/!.&!,'!*'%%&!%927&!.&!,'!
*'0)91&!315'/)I(&!.&%!D3(%&%!+3(1!,&%!.)--$1&/0%!01')0&*&/0%!.6&42,(%)3/;!
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3.2.4!Discussion  
3.2.4.1 Ensemble des modalités 
A"#$]("#0"#(/#D'+0'B"$)'1C#0/4)#("#,+4&1'+44"%"41#0")#C&+)F)19%")#")1#(/$>"%"41#0')&-1C#
"1# '(# /88/$/l1# )+-B"41# 8(-)# &+%8("<"# M-5"4B')/>C# /# 8$'+$':# Q-# )"'4# 0")# &+%%-4/-1C)#
&+8$+86'(")I# (")#4+%D$"-)")#'41"$/&1'+4)#"41$"#(")#+$>/4')%")#/'4)'#M-"#("-$#'4,(-"4&"#)-$#(/#
0C>$/0/1'+4# 0")# 0CE"&1'+4)# /4'%/(")# )+41# "4&+$"# 0',,'&'(")# G# /88$C6"40"$:# U4"# 8$"%'9$"#
/88$+&6"# &+4)')1"# G# )5'41C$"))"$# G# (5'%8/&1# 0")# B/>-")# )-&&"))'B")# 0"# &+(+4')/1'+4# )-$# (/#
0C>$/0/1'+4# 0")# 0CE"&1'+4):# Q-# )"'4# 0"# 4+%D$"-)")# &+%%-4/-1C)# +4# /# 8-# 0C&$'$"# 0")#
'41"$/&1'+4)# 8+)'1'B")# "41$"# (")# 0',,C$"41)# /&1"-$)I# 1"((")# M-"# (/# ,/&'('1/1'+4# T./$0'4/("# "1# /(:I#
orroV:##
S+1$"#6F8+169)"#")1#M-"#&")#'41"$/&1'+4)#E+-"$/'"41#-4#$]("#'%8+$1/41#0/4)#(5C('%'4/1'+4#
0")#0CE"&1'+4)#8-')M-"#(")#&+(+4')/1"-$)#8'+44'"$)#8"-B"41#$"40$"#,/B+$/D(")#(")#&+40'1'+4)#0-#
%'('"-#8+-$#(")#)-'B/41):#A")#8"$1-$D/1'+4)#)-D'")#8/$#(")#&+(+4')/1"-$)#0"#(/#8$"%'9$"#B/>-"#
8+-$$/'"41# 0"# &"# ,/'1# )"# $C8"$&-1"$# )-$# (")# B/>-")# )-'B/41")I# "41$/'4/41# -4"# 8(-)# ,/'D("#
&+(+4')/1'+4#-(1C$'"-$"#"1#0+4&# '40'$"&1"%"41#&+40-'$"#G#-4#$/("41'))"%"41#0"# (/#0C>$/0/1'+4#
0")#0CE"&1'+4):#S+)#$C)-(1/1)#&+4,'$%"41#&"11"#6F8+169)"#1+-1#"4#)+-('>4/41#(/#&+%8("<'1C#0")#
'41"$/&1'+4):#S+-)#/B+4)#0C%+41$C#M-"#1$"'R"#%+')#/8$9)#("#0C8]1#0")#D+-)")I#("-$#0C>$/0/1'+4#
/B/'1# C1C# (/# 8(-)# $/("41'"# (+$)M-"# (/# 8$"%'9$"# B/>-"# 0")# &+(+4')/1"-$)# /B/'1# C1C# "<&(-"#
T1$/'1"%"41)# r@hI# r@dH# "1# r@odVI# "4# &+%8/$/')+4# /B"&# (5"<&(-)'+4# 0"# (/# 0"-<'9%"# B/>-"#
T1$/'1"%"41# h@dHV# TN'>:# gV:# Z"-<# +-# )'<# %+')# /8$9)# ("# 0C8]1# 0")# D+-)")# )-$# ("# 1"$$/'4I# (")#
1"4"-$)# "4# %/1'9$")# %'4C$/(")# )-'B"41# (")# %7%")# 1"40/4&")I# 8(-)# ,/'D(")# 0/4)# ("# &/)# 0"#
(5"%87&6"%"41# 0"# (/# &+(+4')/1'+4# 8"40/41# (/# 8$"%'9$"# )"%/'4":#.")# $C)-(1/1)# &+4,'$%"41# ("#
,/'1# M-"# (")# 1"4"-$)# %'4C$/(")# $",(91"41# (5/&1'B'1C# 0")# '4)"&1")I# "4# 8/$1'&-('"$# &"(("# 0")#
,+-'))"-$):# A/# 8(-)# ,/'D("# 1"4"-$# 8+-$# (")# D+-)")# r@od# '40'M-"# M-"# (5'4&+$8+$/1'+4# 0"#
8/$1'&-(")#0"#)+(#")1#8$'4&'8/("%"41#",,"&1-C"#8/$#(")#'4)"&1")I#%7%"#)'#-4"#&"$1/'4"#M-/41'1C#
0"# 1"$$"# /# 8$+D/D("%"41# C1C# '4&+$8+$C"# 8/$# 05/-1$")# +$>/4')%")# 1"()# M-"# (")# B"$)# 0"# 1"$$":#
.+41$/'$"%"41#/-<#$C>'+4)# 1"%8C$C")#+v# (")#B"$)#8/$1'&'8"41# 1$9)#/&1'B"%"41#G# (/#0')8/$'1'+4#
0")#0CE"&1'+4)#/4'%/(")I# (")#D+-)'"$)# E+-"41#4+$%/("%"41# ("#8$"%'"$#$]("#"4#&+40'1'+4)#8(-)#
)9&6")I#&+%%"#'&'#"4#$C>'+4#%C0'1"$$/4C"44"I#%7%"#)'#0")#)+()#1$+8#)"&)#('%'1"41#("-$#/&1'B'1C#
TS'&6+()# "1# /(:I# orrgV:#A5'%8+$1/4&"#0")#8$"%'"$)# E+-$)#0"# &+(+4')/1'+4#0/4)# (/#0C>$/0/1'+4#
/B/'1# C1C# 0CEG# %')"# "4# CB'0"4&"# 8/$# A""# "1# O/((# TorrqV:# S+)# $C)-(1/1)# &+4,'$%"41# M-5-4"#
&+(+4')/1'+4#8"40/41# (/#8$"%'9$"# )"%/'4"# ")1# "))"41'"((":#Y+-1"#8"$1-$D/1'+4# '%8/&1/41#&"11"#
&+(+4')/1'+4# /-# &+-$)# 0"# (/# 8$"%'9$"# )"%/'4"# 8"-1# 0+4&# /,,"&1"$# ("# ,+4&1'+44"%"41:# A")#
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&+4&"41$/1'+4)#0")#t;*)#0/4)# (")#0CE"&1'+4)#0")# /4'%/-<# )+41#4+1/%%"41# (")#8(-)# C("BC")#
0-$/41#&"11"#8C$'+0"#T&,#o:H:d:#8:#HoV#TQ(B'4"$'"#"1#/(:I#deeen#20a/$0)#"1#/(:I#orrdn#K+"%DL"#"1#
/(:I#ordrDn# W>(")'/)#"1#/(:I#orddVI#05+v#0")#$')M-")#8+-$#(/#4+-B"(("#>C4C$/1'+4#05'4)"&1")#M-'#
8+-$$/'1#71$"#'))-"#0")#8+41")#0C8+)C")#8/$#(")#8$"%'"$)#&+(+4')/1"-$)#0"#&")#D+-)"):##
A")#'41"$/&1'+4)#4C>/1'B")#"41$"#(")#+$>/4')%")I#1"((")#M-"#(/#&+%8C1'1'+4#"1#(/#8$C0/1'+4I#
8"-B"41# '41"$B"4'$# )-$# ("# ,+4&1'+44"%"41# 0")# C&+)F)19%"):# A/# 8(-)# ,+$1"# 0C>$/0/1'+4# 0")#
D+-)")I# /'4)'# M-5-4"# 1"4"-$# "4# %/1'9$"# %'4C$/("# 8(-)# C("BC"I# +41# C1C# +D1"4-")# (+$)M-"# (/#
&+(+4')/1'+4#8/$#(")#'4)"&1")#C1/'1#"%87&6C"#8"40/41#(/#0"-<'9%"#)"%/'4":#S+-)#/B+4)#%+41$C#
8$C&C0"%%"41# T&,# o:m:f# 8:# hHV# M-"# (")# )1/86F('4)I# %/E+$'1/'$"%"41# 8$C0/1"-$)# +-# 8/$/)'1")I#
C1/'"41# (")#8$'4&'8/-<#&+(+4')/1"-$)#M-'#/$$'B/'"41#/-#&+-$)#0"#&"11"#0"-<'9%"#)"%/'4":#A"-$#
"<&(-)'+4# G# &"# %+%"41# (G# )"# 1$/0-'1# 8/$# -4"# C('%'4/1'+4# 8(-)# $/8'0"# 0")# D+-)")I# &"# M-'#
&+4,'$%"#("-$#'%8/&1#4C>/1',#)-$#(/#0C>$/0/1'+4:#O-#"1#/(:#TorddV#+41#+88+)C#&"1#",,"1#4C>/1',#
)-$# ("# ,+4&1'+44"%"41I# 0'1# i#D$+a4# a+$(0# ",,"&1#jI# G# (5",,"1# 8+)'1',# 0")# 8$C0/1"-$)# )-$# (/#
8$+0-&1'B'1C#8$'%/'$"I#/88"(C#i#>$""4#a+$(0#",,"&1#j:#24#$C>-(/41#(")#8+8-(/1'+4)#056"$D'B+$")I#
(")# 8$C0/1"-$)# ,/B+$')"41# "4# ",,"1# (/# 8$+0-&1'+4# 8$'%/'$"# /(+$)# M-"I# 0/4)# (")# 8$+&"))-)# 0"#
0C>$/0/1'+4I# (")#8$C0/1"-$)# $/("41'))"41# ("# ,+4&1'+44"%"41#"4#&+4)+%%/41# (")#0C1$'1'B+$")#"1#
&+8$+86/>"):#
 
3.2.4.2 Comparaison des rôles entre prédateurs et coprophages 
A"#$]("#0"#(/#D'+0'B"$)'1C#0/4)#("#,+4&1'+44"%"41#0")#C&+)F)19%")#")1#(/$>"%"41#0')&-1C#"1#'(#
/88/$/l1# )+-B"41# &+%8("<":# A")# &+8$+86/>")# E+-"41# -4# $]("# 8$'%+$0'/(# 0/4)# ("#
,+4&1'+44"%"41#0")#C&+)F)19%")#8`1-$C):#A5"<&(-)'+4#0"#(/#B/>-"#0")#&+8$+86/>")#/-#&+-$)#
0"# 4+1$"# "<8C$'%"41/1'+4# 45/# &"8"40/41# 8/)# $CBC(C# 0"# 0'%'4-1'+4# )'>4','&/1'B"# 0-# 1/-<# 0"#
0')8/$'1'+4# 0")# 0CE"&1'+4):# A5/4/(F)"# 0")# &+",,'&'"41)# 0"# B/$'/1'+4# /# %+41$C# (/# >$/40"#
B/$'/D'('1C# 0"# &+(+4')/1'+4# 8/$# (")# &+8$+86/>")# /B"&# 0"# >$/40")# 0')8/$'1C)# "41$"# (")# D+-)"):#
."11"# B/$'/D'('1C# /'4)'# M-"# ("# 4+%D$"# $C0-'1# 0"# $C8('&/1)# +41# 8-# &+41$'D-"$# G# (/# 4+4@
)'>4','&/1'B'1C#0")# $C)-(1/1)#0"# (5"<&(-)'+4#0")#&+8$+86/>")#8/$#&+%8/$/)'+4#/B"&# (")#D+-)")#
('D$"%"41#&+(+4')C"):#A")#0',,C$"4&")#0"#&+(+4')/1'+4#"41$"#(")#D+-)")#8"-B"41#"4#8/$1'"#71$"#
/11$'D-C")# G# 0")# &+40'1'+4)# /D'+1'M-")# T8$+,+40"-$I# 6-%'0'1C# 0-# )+(V# "1# G# 0")# ,/&1"-$)#
%'&$+&('%/1'M-")# T1"%8C$/1-$"I# 6-%'0'1C# $"(/1'B"I# "4)+("'(("%"41V:# 24# 0"6+$)# 0")# &+%8+)C)#
B+(/1'()#/11$/&1',)#C%')#8/$#(")#D+-)")I#(/#&+(+4')/1'+4#")1#'4,(-"4&C"#8/$#(")#86C$+%+4")#C%')#
8/$# (")# '4)"&1")# M-'# 8"-B"41# ,/&'('1"$# (5/>>$C>/1'+4# 0")# '40'B'0-)# TA+D+#p#;+41")# 0"#^&/I#
deehVI# &+%%"# &5")1# (/# &/)# &6"R# (")# %+-&6")# 0")# ,$-'1)# TQ1L'4)+4# p# =6+$$+&L)I# degHn#
 122 
 
b'$)&6D"$>"$I# deegn# N$/4&L"# p# Z"114"$I# orrmn# A+,# "1# /(:I# orrgn# O/((# p# A""I# ordrV:# Z"#
4+%D$"-<#&+4)8C&','M-")#8"-B"41# )5/>>$C>"$#0/4)# &"$1/'4")#0CE"&1'+4)I# 0C(/'))/41# (")# /-1$")#
D+-)")# Tb/4)L'# p# ./%D",+$1I# deedn# A+D+# p# ;+41")# 0"# ^&/I# deehV:# A")# 0',,C$"4&")# 0"#
&+(+4')/1'+4# 8"-B"41# /'4)'# "41$/l4"$# -4"# >$/40"# 0')8/$'1C# 05",,'&'"4&"# ,+4&1'+44"(("# 05-4"#
D+-)"# G# (5/-1$":# t/('"(/# TdehHV# /# %+41$C# M-"# (")# 8$"%'"$)# &+(+4')/1"-$)# 05-4"# D+-)"#
&+40'1'+44/'"41#(/#&+(+4')/1'+4#,-1-$"#'4,(-"4_/41#(/#)1$-&1-$"#0"#(/#&+%%-4/-1C:#A")#8$"%'"$)#
&+(+4')/1"-$)# 8"-B"41# 0+4&# &+4)'0C$/D("%"41# '%8/&1"$# (/# B'1"))"# 0"# 0')8/$'1'+4# 0")# D+-)"):#
Y+-1")# (")# ")89&")# 0"# &+8$+86/>")# 4"# &+41$'D-"41# 8/)# CM-'1/D("%"41# G# (/# 0C>$/0/1'+4# 0")#
0CE"&1'+4)I# /B"&# 4+1/%%"41# -4# 8(-)# ,+$1# '%8/&1# 0")# D+-)'"$)# 8/$# &+%8/$/')+4# /B"&# (")#
0'819$")#TO-#p#=-4I#ordrV#"1#>C4C$/("%"41#-4"#&+$$C(/1'+4#8+)'1'B"#"41$"#(/#0C>$/0/1'+4#"1#(/#
D'+%/))"#0")#'4)"&1")#T^}b"/#"1#/(:I#ordrV:#
# Z/4)#4+1$"# C1-0"I#D'"4# M-"# (5"<&(-)'+4#0"# (/#B/>-"# 0")# &+8$+86/>")#45/#8/)#%+41$C#
05",,"1# $C"(("%"41# )'>4','&/1',# "4# &+%8/$/')+4# /B"&# (")# D+-)")# ('D$"%"41# &+(+4')C")I#
(5"<&(-)'+4# 0")# 8$C0/1"-$)# /# %')# "4# "<"$>-"# ("# $]("# 0")# &+8$+86/>")# )-$# (")# 8$+&"))-)# 0"#
0C>$/0/1'+4:#."(/#/# $CBC(C# (")#",,"1)#/41/>+4')1")#0")#0"-<#B/>-")I#&"(("#0")#&+8$+86/>")#"1#
&"(("#0")#8$C0/1"-$)I#)-$#("#,+4&1'+44"%"41#0F#)F)19%":#Q(+$)#M-"#(")#&+40'1'+4)#&('%/1'M-")#
)+41#&+44-")#8+-$#/>'$#)-$#(/#B'1"))"#0"#0')8/$'1'+4#0")#D+-)")#TS'&6+()#"1#/(:I#orrgVI#(")#",,"1)#
4C>/1',)# '40'$"&1)# 0")#8$C0/1"-$)# )+41#8"-# $C,C$"4&C):#A/# $'&6"))"# "4#8$C0/1"-$)# '4,(-"4&"# (/#
&+%8+)'1'+4I# (/# 0'B"$)'1C# "1# (/# 0F4/%'M-"# 0"# 8+8-(/1'+4# 0")# 4'B"/-<# 1$+86'M-")# '4,C$'"-$)I#
%/')# (5/%8('1-0"#"1# (/#0'$"&1'+4#0"# ("-$)#",,"1)#)-$# ("# ,+4&1'+44"%"41#B/$'"41#"4#,+4&1'+4#0-#
&+41"<1"#"4B'$+44"%"41/(#"1#)+41#0+4&#0',,'&'(")#G#8$C0'$"#TP$-4+#p#./$0'4/("I#orrgV:#
# S+1$"# C1-0"# /#0C%+41$C# (5'%8/&1#8+)'1',#0"# (5"<&(-)'+4#0")#8$C0/1"-$)# )-$# ("# 1/-<#0"#
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3.3!Conclusion 
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4! Structure-fonctionnement: l’utilisation de 
mésocosmes 
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4.1!Variation de la densité au sein de mésocosmes 
monospécifiques 
4.1.1!Introduction 
A")# D+-)'"$)# E+-"41# -4# $+("# '%8+$1/41# 0/4)# ("# ,+4&1'+44"%"41# 0-# )+(# /-# 4'B"/-# 0")#
0CE"&1'+4)I#"4#,/&'('1/41#("#$"&F&(/>"#0")#4-1$'%"41)#"1#"4#/>'))/41#8/$#("-$#/&1'B'1C#,+-'))"-)"#
)-$#(/#)1$-&1-$"#0-#)+(#Ty+L+F/%/#"1#/(:I#deed/n#P/4>#"1#/(:I#orrmn#P$+a4#"1#/(:I#ordrV:#P'"4#
M-"# (")# D+-)'"$)# /'"41# 0")# '%8/&1)# )'>4','&/1',)# &+44-)# )-$# (")# 8$+&"))-)# C&+)F)1C%'M-")I#
(5'0"41','&/1'+4# 0")# ")89&")# &(C)# "1# ("# $]("# 0"# (5/D+40/4&"# )-$# (")# ,+4&1'+4)# C&+(+>'M-")#
4C&"))'1"41#0"#8(-)#/%8(")#'4B")1'>/1'+4)#TP$/>/#"1#/(:I#ordfV:#
A/#&+4)+%%/1'+4#"1#("#1$/4)8+$1#0"#%/1'9$"#,C&/("#8/$#(")#D+-)'"$)#+41#-4#",,"1#0'$"&1#
)-$#(/#0')8/$'1'+4#0")#0CE"&1'+4)#"4#)-$,/&"#Tb+(1"$#"1#/(:I#orron#y/%/0/#"1#/(:I#orrhn#^}b"/#"1#
/(:I#ordrV:#A"-$#/&1'B'1C#8"-1#C>/("%"41#/B+'$#0")#",,"1)# '40'$"&1)#)-$#(/#0C&+%8+)'1'+4#0"#(/#
%/1'9$"#+$>/4'M-"#0")#8"(+1")#,C&/(")#"1#0")#,$/>%"41)#0"#('1'9$"#M-'#8+-$$/'"41#71$"#8$C)"41)#G#
8$+<'%'1C#0")#D+-)"):#A")#D+-)'"$)#'40-')"41#0")#&6/4>"%"41)#0/4)#(")#&+40'1'+4)#0-#)+(#1"()#
M-"#)+4#/C$/1'+4#"1#)/#&/8/&'1C#0"#$C1"41'+4#05"/-#TP/4>#"1#/(:I#orrmn#P$+a4#"1#/(:I#ordrVI#/B"&#
-4"#)1'%-(/1'+4#0"#(/#D'+%/))"#%'&$+D'"44"#"4#$/')+4#0"#(5/88+$1#0"#&/$D+4"#(/D'("#8$+B"4/41#
0")#0CE"&1'+4)#TP/$0>"11#"1#/(:I#deegn#b/1&6#"1#/(:I#orrrV:#Z")#1$/B/-<#/41C$'"-$)#)->>9$"41#M-"#
(5/%8('1-0"#0")#",,"1)#0")#D+-)'"$)#8"-1#B/$'"$#)-'B/41#(")#")89&")#"4#,+4&1'+4#0"#("-$#/&1'B'1C#
,+-'))"-)"#"1#0"#("-$#1/'(("#Tb+(1"$#"1#/(:I#orron#A/$)"4#"1#/(:I#orrmn#P$/>/#"1#/(:I#ordfV:#U4#8(-)#
>$/40# 4+%D$"# 05'40'B'0-)# "41$/l4"# C>/("%"41# -4"# %"'(("-$"# 0C>$/0/1'+4# 0")# 0CE"&1'+4)#
Ty/%/0/#"1#/(:I#orrhV:#Y+-1",+')I#8"-#05C1-0")#+41#&+%8/$C#(")#'%8/&1)#0'$"&1)#"1#'40'$"&1)#0")#
0',,C$"41")#")89&")#0"#D+-)'"$)#)-$#(")#8$+&"))-)#0"#,+4&1'+44"%"41#0-#)+(:#
S+-)#/B+4)#C1-0'C#"4#%C)+&+)%")#(")#&+4)CM-"4&")#0"#(5/&1'B'1C#0"#1$+')#")89&")#0"#
D+-)'"$)#)-$#(/#B'1"))"#0"#0')8/$'1'+4#0")#D+-)")#"1#)-$#("#1/-<#0"#0C&+%8+)'1'+4#0"#(/#('1'9$"#
0/4)# ("# )+(# )+-)@E/&"41# "4# ,/')/41# B/$'"$# (5'0"41'1C# 0")# ")89&")# "1# ("-$# 0"4)'1C# T4+%D$"#
05'40'B'0-)#/-#)"'4#05-4"#%7%"#D+-)"V:#A5C1-0"#/#C1C#%"4C#/B"&# 1$+')#")89&")#&+%%-4")# \#
N%-%$%/0#)&'! #))90(,&'# TA'44/"-)I# dhmgVI! N9,,%$(&'! ',6)#$#)(# TA'44/"-)I# dhmgV# "1#
F406%/69D&'!?9,,9!TA'44/"-)I#dhqhV=#N=!#))90(,&'#"1#N=!',6)#$#)(#)+41#0")#")89&")#0"#8"1'1"#
1/'(("#/(+$)#M-5F=!?9,,9!")1#-4"#")89&"#8(-)#>$+))"#TA-%/$"1#p#?'$LI#deghV:#S+)#6F8+169)")#
C1/'"41# (")# )-'B/41")# \# T'V#-4"#/->%"41/1'+4#0"# (/#0"4)'1C#"4#D+-)'"$)#0"B$/'1# )"# 1$/0-'$"#8/$#
-4"# 0')8/$'1'+4# 0")# D+-)")# 8(-)# '%8+$1/41"# n# T''V# ("# 1/-<# 0"# 0')8/$'1'+4# 0")# D+-)")# 0"B$/'1#
0C8"40$"#0"# (5'0"41'1C#0")#")89&")#n# T'''V#-4"# /->%"41/1'+4#0"# (/#0"4)'1C#"4#D+-)'"$)#0"B$/'1#
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"41$/'4"$# -4"# /&&C(C$/1'+4# 0"# (/# 0C&+%8+)'1'+4# 0"# (/# ('1'9$"# B'/# 0")# ",,"1)# '40'$"&1)# )-$# (")#
8$+8$'C1C)#0-#)+(:#
4.1.2!Matériels et méthodes 
4.1.2.1 Espèces 
A")#1$+')#")89&")#1")1C")#+41#0")#1$/'1)#,+4&1'+44"()#0',,C$"41):#W(#)5/>'1#0"#N%-%$%/0#)&'!
#))90(,&'I# N9,,%$(&'! ',6)#$#)(! "1# F406%/69D&'! ?9,,9# Tg# %>I# hId# %># "1# HdIo# %>#
$")8"&1'B"%"41I# "4# 8+'0)# )"&V# TN'>:# HgV:# .")# ")89&")I# M-'# "4,+-'))"41# (")# 0CE"&1'+4)# G#
0',,C$"41")# 8$+,+40"-$)I# )+41# &+4)'0C$C")# &+%%"# ,+-'))"-)")I# %/')# /B"&# 0")# )1$/1C>'")#
0C%+>$/86'M-")# 0',,C$"41")# T4'B"/-<# 0',,C$"41)# 0-# &+41'4--%# $@?V# 0C8"40/41# 0"# ("-$#
'4B")1'))"%"41# 8/$"41/(:#N=! #))90(,&'# 0C8+)"# )")# u-,)# G# (5'41"$,/&"# )+(@D+-)"I#N=! ',6)#$#)(#
&$"-)"# 0")# >/("$'")# 8"-# 8$+,+40")# Th@dr# &%V# +v# (/# ,"%"(("# /&&-%-("# 0")# $C)"$B")# 8+-$# )")#
(/$B")#n#F=!?9,,9# "4,+-'1# 0")#M-/41'1C)# '%8+$1/41")#0"#0CE"&1'+4)#0/4)#0")# &6/%D$")# "4&+$"#
8(-)#8$+,+40")#T-4"#B'4>1/'4"#0"#&%V:##
#
#
A)5(1&!?V"!L%+92&%!(0),)%$&%!.'/%!,&%!.)--$1&/0%!*$%323%*&%!
'
4.1.2.2 Collecte des espèces 
A")#'4)"&1")#+41#C1C#8$C("BC)#8/$#8'C>"/>"#0/4)#-4"#>/$$'>-"#8`1-$C"#0"#=/'41#;/$1'4#0"#
A+40$")#TbC$/-(1V#"4#-1'(')/41#0")#8'9>")#/11$/&1',)#0C$'BC)#0-#%+09("#.=K#0C&$'1#8/$#A+D+#"1#
/(:#TdeggV:#.")#8'9>")#&+4)')1"41#"4#-4#$C&'8'"41#Tod#&%#0"#0'/%91$"V#"41"$$C#E-)M-5G#)+4#D+$0#
"1#$"%8('#/-#1'"$)#/B"&#0"#(/#1"$$":#A5"4)"%D("#")1#$"&+-B"$1#8/$#-4#B/)1"#"41+44+'$#/-@0"))-)#
0-M-"(# +4# /# 0')8+)C# -4"# >$'(("# G#%/'((")# (/$>")# To# &%V# 0")1'4C"# G# )-88+$1"$# (5/88`1# TD+-)"#
,$/'&6"#05"4B'$+4#d#L>V:#A")#'40'B'0-)#1+%DC)#0/4)#("#8'9>"#+41#C1C#&+(("&1C)#B'B/41)#&6/M-"#
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0"-<#E+-$)#"1#$/%"4C)#/-#(/D+$/1+'$"#8+-$#1$'#"1#0C1"$%'4/1'+4:#A")#D+-)'"$)#&+$$")8+40/41#/-<#
1$+')# ")89&")# &'D(C")# +41# C1C# )C8/$C)# )"(+4# ("-$# )"<"# 8-')# &+4)"$BC)# "4# C("B/>"# E-)M-5G# ("-$#
'4)1/((/1'+4# 0C,'4'1'B"# 0/4)# (")#%C)+&+)%"):# *+-$# &6/&-4"# 0")# ")89&")I# (5"<8C$'%"41/1'+4# /#
4C&"))'1C#mo#'40'B'0-)#0"#&6/M-"#)"<"I#)+'1#fdo#'40'B'0-)#/-#1+1/(:#
##
4.1.2.3 Expérimentation 
A")# %C)+&+)%")# +41# C1C# '4)1/((C)# )-$# ("# 1"$$/'4# 05"<8C$'"4&"# 0-# .2N2# T."41$"#
052&+(+>'"#N+4&1'+44"(("#"1#2B+(-1'B"I#.SK=I#;+418"(('"$#THf|fg5dqSI#f|md5HdI#/(1'1-0"#mg#
%V# TN'>:# HeV# (")# dm# "1# dq#%/'# ordo:#.6/M-"#%C)+&+)%"# &+4)')1/'1# "4# -4# 8+1# 0"# dm# &%# 0"#
0'/%91$"#"1#om#&%#0"#8$+,+40"-$#"41'9$"%"41#"41"$$C#"1#$"%8('#0"#1"$$"#T%C(/4>"#05/$>'("I#0"#
)/D("#"1#0"#1"$$"#BC>C1/("V:#Q-#&"41$"#0"#&"#)-D)1$/1#-4"#D+-)"#/#C1C#0C8+)C"#Tmrr#>#0"#8+'0)#
,$/')n#oIhx#05/R+1"I#.{S##dmIqV#"1#(5"4)"%D("#/#C1C#"4)-'1"#$"&+-B"$1#05-4#>$'((/>"#%C1/(('M-"#
0"#%/'(("#d#%%#8+-$#CB'1"$#(5CB/)'+4#0")#D+-)'"$)#'41$+0-'1)#"1#8$CB"4'$#-4"#&+(+4')/1'+4#8/$#
05/-1$")#'4)"&1")#T%+-&6")I#)1/86F('4)#cV:#A"#4+%D$"#05'40'B'0-)#0/4)#(")#%C)+&+)%")#/#C1C#
0C,'4'# 0"# %/4'9$"# G# &"# M-"# (")# ",,"&1',)# 0"# &6/M-"# ")89&"# )+'"41# (")# %7%")# 0/4)# (")#
%C)+&+)%")I#(/#0',,C$"4&"#8+$1/41#)-$#(/#D'+%/))"#0")#'40'B'0-)#M-"#(5+4#/#,/'1#B/$'"$#T1/D("/-#
hV:#Z")#%C)+&+)%")#/B"&# 8$C)"4&"#0"#D+-)"#%/')# )/4)# '41$+0-&1'+4#05'4)"&1")#+41# )"$B'#0"#
1C%+'4):#Q-#1+1/(#df#%+0/('1C)#+41#C1C#$"1"4-")#\#-4#1C%+'4#TD+-)"#)"-("#)/4)#'4)"&1")VI#M-/1$"#
%C)+&+)%")#8/$#")89&"#&+41"4/41#$")8"&1'B"%"41#oI#HI#g#"1#do#'40'B'0-):#A"#&+%8$+%')#"41$"#
,/')/D'('1C# "1# 8-'))/4&"# )1/1')1'M-"# /# &+40-'1# G#%"11$"# "4# 8(/&"# M-/1$"# $C8('&/1)# 8+-$# &6/M-"#
%+0/('1CI# )+'1# mo# %C)+&+)%")# /-# 1+1/(:# A5"<8C$'%"41/1'+4# /# 0-$C# m# %+')# )-$# ("# 1"$$/'4:# Q#
(5'))-"#0"#&"11"#8C$'+0"I#(/#D+-)"#$")1/41#"4#)-$,/&"#/#C1C#&+40'1'+44C"#"1#(/#1"$$"#1/%')C"#8+-$#
&+(("&1"$# (")# 8"(+1")# ,C&/(")# "4,+-'")# 8/$# (")# '4)"&1")# /'4)'# M-"# (")# '4)"&1")# T&"-<# 0"# (/#
>C4C$/1'+4#8/$"41/("#"1{+-#&"-<#0"#(/#4+-B"(("#>C4C$/1'+4V:##
!
!
!
!
!
!
!
!
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K'D,&'(!U"!`D3/.'/2&%!&0!D)3*'%%&%!)/)0)',&%!8+3).%!%&2@!.&%!)/%&20&%!)/013.()0%!.'/%!,&%!
.)--$1&/0%!*$%323%*&%;!
Modalité Espèces 
Nb 
d’individus 
 
Masse 
individuelle 
spécifique 
sèche (mg) 
 
Masse 
totale 
spécifique 
sèche (mg) 
Témoin dépôt   0 0 0 
Monospécifique 
    2 individus au total O. vacca 2 41,2 82,4 
4 individus au total O. vacca 4 41,2 164,8 
8 individus au total O. vacca 8 41,2 329,6 
12 individus au total O. vacca 12 41,2 494,4 
Monospécifique 
 
   
2 individus au total C. erraticus 2 8 16 
4 individus au total C. erraticus 4 8 32 
8 individus au total C. erraticus 8 8 64 
12 individus au total C. erraticus 12 8 96 
Monospécifique     
2 individus au total C. schreberi 2 7,1 14,2 
4 individus au total C. schreberi 4 7,1 28,4 
8 individus au total C. schreberi 8 7,1 56,8 
12 individus au total C. schreberi 12 7,1 85,2 
A)5(1&!?^"!W/%0',,'0)3/!.&%!*$%323%*&%!%(1!,&!0&11')/!.6&4+$1)&/2&!.(!BLAL;!
!
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4.1.2.1 Mesures et variables dérivées  
4.1.2.1.1! Mesures sur les déjections 
Q#(/#,'4#0"#(5"<8C$'%"41/1'+4I#(")#'4)"&1")#T%+$1)#+-#B'B/41)V#+41#C1C#$"1'$C)#0")#D+-)")#
/,'4#05CB'1"$#1+-1#D'/')#(+$)#0")#/4/(F)")#&6'%'M-")#0-#,/'1#0"#("-$#1"4"-$#/R+1C":#A/#8"$1"#0"#
%/1'9$"# +$>/4'M-"# 0")# 0CE"&1'+4)# "4# ,+4&1'+4# 0")# 0',,C$"41")# %+0/('1C)# /# C1C# %")-$C":# 24#
0CD-1# 05"<8C$'"4&"I# 1$"'R"# C&6/41'((+4)# 0"# deo# # qq# ># 0"# D+-)"# T8+'0)# ,$/')V# +41# C1C#%')# G#
)C&6"$#0/4)#-4"#C1-B"#B"41'(C"#Tdrr|.#8"40/41#oH#6VI#8")C)I#8-')#8F$+(F)C)#G#mrr|.#8"40/41#
do6# /,'4# 0"# &+44/'1$"# (/# M-/41'1C# 0"#%/1'9$"# +$>/4'M-"# '4'1'/("# 0")# 0C8]1):# W4'1'/("%"41I# (")#
D+-)")# -1'(')C")# &+41"4/'"41# gmIhx# 056-%'0'1CI# /B"&# -4"# 1"4"-$# %'4C$/("# 0"# deIfx# 0"# (/#
%/))"# )9&6":# A/#%7%"# +8C$/1'+4# 0"# )C&6/>"# "1# 8F$+(F)"# /# C1C# $C/(')C"# "4# ,'4# 05"<8C$'"4&"#
8+-$# &/(&-("$# (/# 8"$1"# 0"#%/1'9$"# +$>/4'M-"# )9&6"# 0"# &6/M-"# 0C8]1:# A/# 1"4"-$#%'4C$/("# 0")#
D+-)")# /# )"$B'# 0"# &$'19$"# 05CB/(-/1'+4# 0"# (5/&1'B'1C# 05"4,+-'))"%"41# "1# 0"# 1$'1-$/1'+4# 0"# (/#
D+-)"#8/$#(")#'4)"&1"):##
'
4.1.2.1.2! Mesures sur le sol 
A/#B'1"))"#0"#0C&+%8+)'1'+4#0"# (/#%/1'9$"#+$>/4'M-"#0/4)# ("# )+(# /# C1C#%")-$C"#8/$# (/#
%C16+0"#0")#)/&6"1)#0"#('1'9$":#A")#)/&6"1)#0"#m##m&%#)+41#&+4)1'1-C)#0"#,'(1$")#"4#8+(F")1"$#"1#
8+(FC16F(94"#Q4L+%#Nmh# Tom#%#0"#%/'(("# n#QS?^;#Y"&64+(+>'"I#;/&"0+4I#SyI#U=QV:#
A")#)/&6"1)#8$C@8")C)#+41#C1C#$"%8(')#05-4"#M-/41'1C#&+44-"#0"#%/1'9$"#BC>C1/("#)9&6"#TrIm>#
0"#('1'9$"#)1/40/$0')C"I#dIqx#SI#.{S##ogV#8-')#)&"((C)#G#&6/-0:#Q-#%+%"41#0"#(5'4)1/((/1'+4#
0-# 0')8+)'1',# 0C&$'1# 8$C&C0"%%"41# T8/$/>$/86"# H:d:o:fVI# (")# )/&6"1)# +41# C1C# "41"$$C)#
B"$1'&/("%"41#0/4)#("#)+(#0")#%C)+&+)%")#Tr@m&%VI#)+-)#(")#D+-)")#0C8+)C")#"4#)-$,/&":#.")#
)/&6"1)# +41# C1C# $C&-8C$C)# /-# 1"$%"# 0"# (5"<8C$'"4&"I# 4"11+FC)# "1# )C&6C)# Tqr|.# 8"40/41# Hg6V#
/B/41#0571$"#8")C)#8+-$#0C1"$%'4"$#(/#8"$1"#0"#%/))"#TP(++$#p#P/$0>"11I#ordoV:#
#
4.1.2.2 Analyses statistiques 
A")#/4/(F)")#+41#C1C#",,"&1-C")#)-$#(/#8"$1"#0"#%/1'9$"#+$>/4'M-"#0")#0CE"&1'+4)#"1#)-$#(/#
8"$1"#0"#('1'9$"#0/4)#("#)+(:#A")#",,"1)#0")#1$/'1"%"41)#+41#C1C#/4/(F)C)#>$`&"#G#-4"#/4/(F)"#0"#
&+B/$'/4&"#G#0"-<#,/&1"-$)#TQS.^tQV#/B"&#("#4+%D$"#05'40'B'0-)#"4#&+B/$'/D("#"1#(5")89&"#
"4#",,"1#,'<":##
#
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4.1.3!Résultats et discussion 
Q#(5'))-"#0"#(5"<8C$'"4&"I#(/#D'+%/))"#"4#D+-)'"$)#C1/'1#8+)'1'B"%"41#&+$$C(C"#/B"&#(/#
0')8/$'1'+4#0")#D+-)")#"1#(/#0C&+%8+)'1'+4#0"#(/#('1'9$"#TN'>:#mrI#*"/$)+45)#$##rIhe#n#8##rIrd#
"1#$##rIqd#n#8##rIrmI#$")8"&1'B"%"41V:#24#/&&+$0#/B"&#4+)#6F8+169)")I#(")#1/-<#0"#0')8/$'1'+4#
0")#D+-)")#"1#0"#0C&+%8+)'1'+4#0"#(/#('1'9$"#+41#/->%"41C#/B"&#-4"#/->%"41/1'+4#0"#(/#0"4)'1C#
"4# D+-)'"$)# TY/D("/-# gI# N'>:# mdV:# ."(/# &+4,'$%"# (")# $C)-(1/1)# 0"# 1$/B/-<# /41C$'"-$)# )-$# (/#
0')8/$'1'+4#0")#D+-)")#"4#-1'(')/41#0")#/))"%D(/>")#G#,+$1"#0"4)'1C#Ty/%/0/#"1#/(:I#orrhV#%/')#
&"(/#%+41$"#M-5'(#F#/#/-))'#-4#",,"1#0")#D+-)'"$)#G#,/'D("#0"4)'1C:#S+1$"#C1-0"#")1#(/#8$"%'9$"#
0C%+4)1$/1'+4# 0")# ",,"1)# '40'$"&1)# 0")# D+-)'"$)# )-$# (/# 0C&+%8+)'1'+4# 0")# ('1'9$")I# )->>C$/41#
M-"#(/#0C&+%8+)'1'+4#0"#(/#%/1'9$"#+$>/4'M-"#0/4)#("#)+(#$C8+40#G#(5/D+40/4&"#0")#D+-)'"$)#
0"#%/4'9$"# )'%'(/'$"# G# (/# 0')8/$'1'+4# 0")# D+-)"):# A5",,"1# 0")# D+-)'"$)# )-$# (/# 0')8/$'1'+4# 0")#
D+-)")# ")1# C>/("%"41# %')# "4# CB'0"4&"# 0"# %/4'9$"# '40'$"&1"# 8/$# 0")# &6/4>"%"41)# 0"# ("-$#
1"4"-$#%'4C$/("#/'4)'#M-5G# 1$/B"$)# (/#%/))"#0")#8"(+1")# ,C&/(")#"4,+-'")# TN'>:#moV:# W(# )"%D("#
$/')+44/D("#0"#)-88+)"$#M-"#(/#)1'%-(/1'+4#D/&1C$'"44"#0-"#G#-4"#'41$+0-&1'+4#0"#&/$D+4"#"1#
05/R+1"#0/4)#("#)+(#8$+B"4/41#0")#D+-)")#8+-$$/'1#E-)1','"$#(/#&+$$C(/1'+4#+D)"$BC"#"41$"#0"4)'1C#
0")#D+-)'"$)#"1#0C&+%8+)'1'+4#0"#('1'9$"#TP/$0>"11#"1#/(:I#deegV:#
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A)5(1&!Q>"!#&,'0)3/!&/01&!,'!D)3*'%%&!.&%!D3(%)&1%!&0!'@!,'!+&10&!.&!*'0)91&!315'/)I(&!.&%!
.$P&20)3/%!&0!D@!,'!+&10&!.&!,)0)91&!8+3).%!%&2@!.'/%!,&%!%'27&0%!+3(1!,6&/%&*D,&!.&%!
*$%323%*&%;!B7'I(&!+3)/0!&%0!,'!*3C&//&!.&%!I('01&!1$+,)2'0%!.&!27'I(&!01')0&*&/0!3D0&/(&!
'+19%!(/!%$P3(1!.&!Q!*3)%!%(1!,&!0&11')/;!Z'!,)5/&!+3)/0),,$&!1&+1$%&/0&!,'!1$51&%%)3/!,)/$')1&!
%)5/)-)2'0)J&!&/01&!,'!D)3*'%%&!&0!,'!J'1)'D,&!8+!m!><>Q@;!
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A)5(1&!QH"'#&,'0)3/!&/01&!,&%!&--&20)-%!.&!D3(%)&1%!&0!'@!,'!+&10&!.&!*'0)91&!315'/)I(&!.&%!
.$P&20)3/%!&0!D@!,'!+&10&!.&!,)0)91&!%927&!.'/%!,&%!%'27&0%!+3(1!,&%!013)%!&%+92&%!23/%).$1$&%;!
B7'I(&!+3)/0!1&+1$%&/0&!,'!*3C&//&!.&%!I('01&!1$+,)2'0%!.&!27'I(&!01')0&*&/0!3D0&/(&!'+19%!
Q!*3)%!%(1!,&!0&11')/!')/%)!I(&!%3/!&11&(1!%0'/.'1.;!Z&%!.13)0&%!'J&2!0)1&0%!&0!&/!+3)/0),,$%!
1&+1$%&/0&/0!,&%!1$51&%%)3/%!,)/$')1&%!%)5/)-)2'0)J&%!&/01&!,&!/3*D1&!.6)/.)J).(%!&0!,'!J'1)'D,&!
8+!m!><>Q@!+3(1!O. vacca!&0!C. erraticus,!1&%+&20)J&*&/0;!!
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K'D,&'(!V"!L--&0%!.&%!&%+92&%!&0!.&!,'!.&/%)0$!&/!D3(%)&1%!%(1!,'!.)%+'1)0)3/!.&!,'!Ya!.&%!
D3(%&%!&0!%(1!,'!+&10&!.&!,)0)91&;!Z&%!A!J',(&%!.&!,6`[BaX`!%3/0!.3//$&%"!,&%!&--&0%!
%)5/)-)2'0)-%!8Rm><H@!%3/0!&/!51'%;!!
# # t/$'/D("#
2,,"1# ZZA# *"$1"#0"#;^#0")#D+-)")#TxV# *"$1"#0"#('1'9$"#TxV#
2)89&"# oIHo# rIgh# oIqm#
2,,"&1',# dIHo# 4,33 10,14
2)89&"##2,,"&1',# oIHo# 3,25 3,51
#
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A)5(1&!Q="!#&,'0)3/!&/01&!,&%!&--&20)-%!.&!D3(%)&1%!&0!'@!,'!0&/&(1!*)/$1',&!.&%!.$P&20)3/%!&0!D@!,'!
*'%%&!.&!+&,30&%!-$2',&%!+3(1!,&%!013)%!&%+92&%!23/%).$1$&%;!B7'I(&!+3)/0!1&+1$%&/0&!,'!
*3C&//&!.&%!I('01&!1$+,)2'0%!.&!27'I(&!01')0&*&/0!3D0&/(&!'+19%!Q!*3)%!%(1!,&!0&11')/!')/%)!
I(&!%3/!&11&(1!%0'/.'1.;!Z'!.13)0&!'J&2!0)1&0%<!2&,,&!&/!+3)/0),,$%!&0!,'!.13)0&!+,&)/&!1&+1$%&/0&/0!
,&%!1$51&%%)3/%!,)/$')1&%!&/01&!,&!/3*D1&!.6)/.)J).(%!&0!,'!J'1)'D,&!+3(1!O. vacca,!!B;!&11'0)2(%!
&0!C. schreberi<!1&%+&20)J&*&/0;!
#
."$1/'4")# C1-0")# +41# &6"$&6C# G# CB/(-"$# (5'%8/&1# 0")# 0',,C$"41")# >-'(0")# 0"#
&+8$+86/>")I# D/)C")# )-$# (5-1'(')/1'+4# 0"# (/# $"))+-$&"# "1# ("# ('"-# 0"# 8+41"I# )-$# (")# ,+4&1'+4)#
C&+(+>'M-")#%/')#(")#0',,C$"4&")#"41$"#")89&")#05-4"#%7%"#>-'(0"#4C&"))'1"41#0"#8(-)#/%8(")#
$"&6"$&6")# TP$/>/# "1# /(:I# ordfV:# Z/4)# 4+1$"# C1-0"I# 4+-)# /B+4)# 8+$1C# 4+1$"# /11"41'+4# )-$#
8(-)'"-$)# ")89&")#0"#D+-)'"$)# M-'# "4,+-'))"41#0"# (/#D+-)"#0")1'4C"# G# (5/('%"41/1'+4#0"# ("-$)#
(/$B"):#A5'41"$/&1'+4#")89&"##",,"&1',)#T4+%D$"#05'40'B'0-)#'41$+0-'1)V#")1#)'>4','&/1'B"#8+-$#(/#
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8"$1"#0"#%/1'9$"#+$>/4'M-"#0")#0CE"&1'+4)# "1# (/#8"$1"#0"# ('1'9$"# TY/D("/-#gV:#A5/->%"41/1'+4#
0")#",,"&1',)#/#%+41$C#M-"#&"(/#/B/'1#-4#",,"1#8+)'1',#'%8+$1/41#)-$#(/#8"$1"#0"#%/1'9$"#8+-$#N=!
#))90(,&'#"1#F=!?9,,9I#%/')#8/)#8+-$#N=!',6)#$#)(# TN'>:#mdV:#.")#$C)-(1/1)#&+4,'$%"41#("# $]("#
,+4&1'+44"(#8$'%+$0'/(#0")#D+-)'"$)#)-$#(")#8$+&"))-)#0-#)+(#TP/4>#"1#/(:I#orrmn#S'&6+()#"1#/(:I#
orrgV# "1# )->>9$"41# M-"# (")# &+4)CM-"4&")# 0-# 0C&('4# 0"# ("-$)# 8+8-(/1'+4)# 8+-$$/'"411# B/$'"$#
)-'B/41#(5")89&"#/,,"&1C":#A5/->%"41/1'+4#0")#",,"&1',)#45/#8/)#%+41$C#0"#('"4#CB'0"41#"41$"#(/#
8"$1"#0"#%/1'9$"#"1#(/#1/'(("#0")#")89&"):#
# A5'0"41'1C#0")#")89&")#"1#("-$#/D+40/4&"#'41"$/>'))"41#0+4&#8+-$#'4,(-"4&"$#(/#B'1"))"#
0"#0')8/$'1'+4#0")#D+-)")#"1# (/#0C&+%8+)'1'+4#0"# (/# ('1'9$":#."(/#+-B$"# (/#8+$1"#G#0")# C1-0")#
-(1C$'"-$")#8+-$#0C1"$%'4"$# )'# (")#B/$'/1'+4)# "4$">')1$C")# /-#4'B"/-# )8C&','M-"#0"# (5",,"1# 0")#
D+-)'"$)# )-$# (")#8$+&"))-)#0-#)+(#8+-$$/'"41#71$"# '4,(-"4&C")#8/$# (")# '41"$/&1'+4)#/-#)"'4# 0")#
/))"%D(/>")#05")89&"):#####
# #
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4.2!Effet de la diversité des assemblages de bousiers sur 
l’exploitation des ressources à l’interface sol-bouse  
4.2.1!Introduction 
 
A"#$]("#0"#(/#0'B"$)'1C#)-$#("#,+4&1'+44"%"41#0")#C&+)F)19%")#")1#0"#8(-)#"4#8(-)#8$')#
"4# &+%81"# /,'4# 05/88$C6"40"$# (/# $C)'('"4&"# 0")# C&+)F)19%")# "1# "4# &+4)CM-"4&"# (")#
&+4)CM-"4&")# ,+4&1'+44"((")#0")#"<1'4&1'+4)#05")89&")# T.+)1/4R/#"1# /(:I#deehn#.6/8'4#"1# /(:I#
orrrV:# A/# 0'B"$)'1C# 0")# +$>/4')%")# 8"-1# />'$# )-$# (/# D'+%/))"# >C4C$/("I# )-$# (5-1'(')/1'+4# 0")#
$"))+-$&")# "1# )-$# (/# )1/D'('1C# 05'%8+$1/41)# )"$B'&")# C&+)F)1C%'M-")# TP/(B/4"$/# "1# /(:I# orrqn#
./$0'4/("#"1# /(:I#orrqV:#A"# ,+4&1'+44"%"41#0")#C&+)F)19%")#0C8"40#0"# (5/D+40/4&"#"1#0"# (/#
0')1$'D-1'+4#0")#")89&")I#0"#("-$)#1$/'1)#,+4&1'+44"()#G#(5C&6"(("#)8C&','M-"#"1#&+%%-4/-1/'$"#"1#
0"#("-$)#'41"$/&1'+4)#T.6/8'4#"1#/(:I#deehn#A+$"/-#"1#/(:I#orrdn#S/""%#p#O$'>61I#orrfn#?'$a/4#
"1#/(:I#orreV:#U4"#8"$1"#0"#0'B"$)'1C#8"-1#)"#1$/0-'$"#8/$#(/#8"$1-$D/1'+4#0"#&"$1/'4)#8$+&"))-)#
C&+(+>'M-")#"1#"4#$C0-'$"#("#$"40"%"41#4+1/%%"41#/-#4'B"/-#0")#8(/41"):#A/#8$C)"4&"#0"#1"(("#
+-# 1"(("# ")89&"# T'0"41'1C# 0")# ")89&")V# 8"-1# 4+1/%%"41# 71$"# 8(-)# '%8+$1/41"# M-"# (/# $'&6"))"#
)8C&','M-"#TP$-4+#"1#/(:I#orrqV#+-#M-"#(")#'41"$/&1'+4)#"41$"#")89&")#TN'4L"#p#=4F0"$I#orrgV:###
A/#,/-4"#&+8$+86/>"#&+4)1'1-"#-4#D+4#%+09("#8+-$#C1-0'"$#(5",,"1#0"#(/#0'B"$)'1C#)-$#("#
,+4&1'+44"%"41# 0-# )F)19%":# Z")# C1-0")# "4# (/D+$/1+'$"# +41# %+41$C# M-"# %7%"# "4# ,/'D(")#
",,"&1',)# (")# ")89&")# 8"-B"41# "41$"$# "4# &+%8C1'1'+4# 8+-$# (5"4,+-'))"%"41# 0")# 0CE"&1'+4)#
T20a/$0)I# degqn# 20a/$0)# p# Q)&6"4D+$4I# deghn# Z+-D"# "1# /(:I# deggV:# Z"# 4+%D$"-<#
%C&/4')%")# ('C)# G# (/# 8$C)"4&"# 05")89&")# %/E"-$")# '4,(-"4&"41# ("# ,+4&1'+44"%"41# 0")#
C&+)F)19%")# TN$'0("FI# orrdn# A+$"/-# "1# /(:I# orrdn# A+$"/-I# orroVI# (")# /))"%D(/>")# (")# 8(-)#
0'B"$)','C)#"4#1"$%")#05")89&")#"1#0"#>$+-8")#,+4&1'+44"()#)"%D(/41#8$C)"41"$#-4"#8(-)#>$/40"#
)1/D'('1C# ,/&"# /-<# 8"$1-$D/1'+4)# "4B'$+44"%"41/(")# T!+64)+4# "1# /(:I# deeqV:# U4"#
&+%8(C%"41/$'1C# 0")# 1$/'1)# 8"$%"1# G# -4# 8(-)# >$/40# 4+%D$"# 05")89&")# 05-1'(')"$# (/# %7%"#
$"))+-$&"I# &"$1/'4")# 05"41$"# "((")# 8+-B/41# 71$"# ,/B+$')C")# 8/$# (5/&1'B'1C# 8$C/(/D("# 05/-1$")#
")89&")#T",,"1#0"#,/&'('1/1'+4V#T./$0'4/("#"1#/(:I#orron#./$0'4/("#"1#/(:I#orrhV:#U4"#$"0+40/4&"#
,+4&1'+44"(("# +-# -4"# &+%8"4)/1'+4# 0")# 1$/'1)# "41$"# (")# ")89&")# 8$+19>"# 16C+$'M-"%"41# (")#
8$+&"))-)# C&+(+>'M-")# 0/4)# (")# %'('"-<# 8"$1-$DC)# Tb++8"$# "1# /(:I# orrmV:# ."11"# 0'B"$)'1C#
,+4&1'+44"(("#")1#0"#8(-)#"4#8(-)#8$')"#"4#&+4)'0C$/1'+4#0/4)#(")#C1-0")I#8"$%"11/41#0"#0C8/))"$#
-4"#)'%8("#0")&$'81'+4#0"#(/#$'&6"))"#)8C&','M-"#TZ/4>(")#p#;/(%MB')1I#orrHV:#A5CM-'1/D'('1C#
")1# C>/("%"41# -4# 8/$/%91$"# G# 8$"40$"# "4# &+%81"# 0/4)# ("# ('"4# "41$"# 0'B"$)'1C# "1# ,+4&1'+4I# (/#
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0+%'4/4&"# 0"# M-"(M-")# ")89&")# 0/4)# (")# /))"%D(/>")# C1/41# -4# 86C4+%94"# &+%%-4:# A")#
&6/4>"%"41)#05CM-'1/D'('1C#8"-B"41#71$"# (")#8$C&-$)"-$)#0"# (/#8"$1"#0"# 1/<+4)# Tb'(("D$/40#"1#
/(:I#orrgn#O++0a/$0I#orreVI#D'"4#M-"#0/4)# (")# /))"%D(/>")#0"#D+-)'"$)#&"#86C4+%94"#)+'1#
1$9)# $C8/40-# )/4)# 8"$1"# 0"# 0'B"$)'1CI# 0"-<# +-# 1$+')# ")89&")# /11"'>4/41# )+-B"41# "4)"%D("#
E-)M-5G#grx#0-#1+1/(#0")#",,"&1',)#G#-4#%+%"41#0+44C:#2((")#&+4)1'1-"41#("#4+F/-#,+4&1'+44"(#
0"# (/# &+%%-4/-1C# "1# )+41# &+4)'0C$C")# &+%%"# (")# 8$'4&'8/-<# />"41)# 0"# (/# 0C>$/0/1'+4# 0")#
0CE"&1'+4)#T=1'"$4"1#p#A-%/$"1I#deefn#?/0'$'#"1#/(:I#ordHV:#
A")#0"-<#8$'4&'8/(")#0',,'&-(1C)#/-<M-"((")#+4#)"#1$+-B"#&+4,$+41C#0/4)#(")#C1-0")#)-$#
("# ('"4# 0'B"$)'1C@,+4&1'+4# ")1# 0"# M-/41','"$# (/# 0'$"&1'+4# "1# (5/%8('1-0"# 0"# (5",,"1# 0")# 0'B"$)")#
'41"$/&1'+4)#'41"$)8C&','M-")#)-$#("#,+4&1'+44"%"41I#8-')#0"#(")#&+%D'4"$#8+-$#&/(&-("$#(5",,"1#
4"1# 0"# (/# 0'B"$)'1C# T=6""6/4# "1# /(:I# orrqn# ?'$a/4# "1# /(:I# orrhn# ?'$a/4# "1# /(:I# orreV:# A")#
%C)+&+)%")#"4#8("'4#&6/%8#8"$%"11"41#0"#1")1"$#(")#",,"1)#0"#(/#0'B"$)'1C#0")#+$>/4')%")#)-$#
("# ,+4&1'+44"%"41# T^}b"/# "1# /(:I# ordrn# K"'))# "1# /(:I# orddn# P"F4+4# "1# /(:I# ordoV# 8-')M-5'()#
&+4)1'1-"41# -4# D+4# &+%8$+%')# "41$"# 1"$$/'4# "1# (/D+$/1+'$":# A5'41$+0-&1'+4# 0")# ")89&")# ")1#
&+41$](C"# 1+-1#"4#&+4)"$B/41#0")#&+40'1'+4)# )"# $/88$+&6/41# ("#8(-)#8+))'D("#0"# (/# $C/('1C:#A"#
D-1#0"#4+1$"#C1-0"#/#C1C#0"#&+4)1'1-"$#-4"#&+%%-4/-1C#)'%8(','C"#0"#&+8$+86/>")#"1#05CB/(-"$#
(")#",,"1)#0"#(/#0'B"$)'1C#T$'&6"))"I#CM-'1/D'('1CI#0'B"$)'1C#0")#1$/'1)#,+4&1'+44"()#"1#'0"41'1C#0")#
")89&")V# )-$# (")# 8$+&"))-)# 0"# 0C>$/0/1'+4# 0")# 0CE"&1'+4):# S+1$"# &6+'<# )5")1# 8+$1C# )-$# 1$+')#
")89&")#/D+40/41")#"4#>/$$'>-"#/-#%+%"41#0"#(/#%')"#"4#8(/&"#0"#(5"<8C$'%"41/1'+4:#
##
4.2.2!Matériel et méthodes 
4.2.2.1 Espèces 
W(#)5/>'1#0")#%7%")#1$+')#")89&")#,+-'))"-)")#-1'(')C")#(+$)#0"#(5"<8C$'"4&"#8$C&C0"41"I#G#
)/B+'$#N%-%$%/0#)&'!#))90(,&'I#N9,,%$(&'!',6)#$#)(!"1#F406%/69D&'!?9,,9#Tg#%>I#hId#%>#"1#
HdIo#%>#$")8"&1'B"%"41I#"4#8+'0)#)"&V:##
'
4.2.2.2 Collecte des espèces 
A")# '4)"&1")#+41#C1C#8$C("BC)#)-$# ("# 1"$$/'4#0"# (/#%7%"#%/4'9$"#M-"#0/4)# (5"<8C$'"4&"#
%+4+)8C&','M-":#A5"<8C$'"4&"#/#4C&"))'1C#orr#'40'B'0-)#0"#&6/M-"#")89&"#)+'1#qrr#'40'B'0-)#
/-#1+1/(#Tfrr#%`(")#"1#frr#,"%"((")V:#
##
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4.2.2.3 Expérimentation 
A")# %C)+&+)%")# +41# C1C# '4)1/((C)# )-$# ("# 1"$$/'4# 05"<8C$'"4&"# 0-# .2N2# T."41$"#
052&+(+>'"#N+4&1'+44"(("#"1#2B+(-1'B"I#.SK=I#;+418"(('"$V#(")#dm#"1#dq#%/'#ordo:#W()#C1/'"41#
&+4)1'1-C)# 0"# 8+1)# Tdm# &%# 0"# 0'/%91$"I# om# &%# 0"# 8$+,+40"-$V# "41"$$C)# 8-')# $"%8(')#
"41'9$"%"41#0"#1"$$"#T)+(#&(/))','C#&+%%"#./%D')+(I#ox#%/1'9$"#+$>/4'M-"I#.{S##eIgI#8b##
mIhV:# Z")# D+-)")# Tmrr# ># 0"# 8+'0)# ,$/')n# oIhx# 05/R+1"I# .{S# # dmIqV# +41# C1C# 0C8+)C")# G# (/#
)-$,/&"#0"#(/#1"$$"#0")#8+1)#M-'#+41#"4)-'1"#C1C#$"&+-B"$1)#05-4#>$'((/>"#%C1/(('M-"#0"#%/'(("#d#
%%# 8+-$# CB'1"$# (5CB/)'+4# 0")# D+-)'"$)# "1# 8$CB"4'$# (/# &+(+4')/1'+4# 0")# D+-)")# 8/$# 05/-1$")#
'4)"&1")# T%+-&6")I# )1/86F('4)# cV:# A/# ,'>-$"# mf# 0+44"# (/# &+%8+)'1'+4# 0")# 0',,C$"41)#
/))"%D(/>")# $C/(')C)# /B"&# (")# 1$+')# ")89&")# $"1"4-")# T%+4+)8C&','M-")I# D')8C&','M-")# "1#
1$')8C&','M-")V:# A/# 8$+8+$1'+4# $"(/1'B"# 0"# &6/M-"# ")89&"# "1# ("# 4+%D$"# 05'40'B'0-)# +41# C1C#
0C,'4')#0"#%/4'9$"#G# ,/'$"#B/$'"$# (/#D'+%/))"# 1+1/("#0")#0'B"$)#/))"%D(/>")# T1/D("/-# eV:#Z")#
%C)+&+)%")#)/4)#D+-)"#"1#0")#%C)+&+)%")#/B"&#D+-)"#%/')#)/4)#'41$+0-&1'+4#05'4)"&1")#+41#
)"$B'#0"#1C%+'4):#Q-#1+1/(#do#%+0/('1C)#+41#C1C#$"1"4-")#\#0"-<#1C%+'4)#T/D)"4&"#0"#D+-)"#"1#
D+-)"# )"-("# )/4)# '4)"&1")VI# 1$+')#%C)+&+)%")#%+4+)8C&','M-")I# 1$+')# D')8C&','M-")# "1# M-/1$"#
1$')8C&','M-"):# A"# &+%8$+%')# "41$"# ,/')/D'('1C# "1# 8-'))/4&"# )1/1')1'M-"# /# &+40-'1# G#%"11$"# "4#
8(/&"#&'4M#$C8('&/1)#8+-$#&6/M-"#%+0/('1CI#)+'1#qr#%C)+&+)%")#/-#1+1/(:#A5"<8C$'%"41/1'+4#/#
0-$C# m# %+')# )-$# ("# 1"$$/'4:# Q# (5'))-"# 0"# &"11"# 8C$'+0"I# (/# D+-)"# $")1/41# "4# )-$,/&"# /# C1C#
&+40'1'+44C"# "1# (/# 1"$$"# 1/%')C"# 8+-$# &+(("&1"$# (")# 8"(+1")# ,C&/(")# "4,+-'")# 8/$# (")# '4)"&1")#
/'4)'#M-"#(")#'4)"&1")#T&"-<#0"#(/#>C4C$/1'+4#8/$"41/("#"1{+-#&"-<#0"#(/#4+-B"(("#>C4C$/1'+4V:#
#
#
#
#
#
#
#
#
#
#
#
#
#
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#
#
#
#
#
'
A)5(1&!Qb"!#&+1$%&/0'0)3/!51'+7)I(&!.&%!23*+3%)0)3/%!%+$2)-)I(&%!.&%!.)--$1&/0%!
*$%323%*&%;!B7'I(&!2'11$!1&+1$%&/0&!(/!'%%&*D,'5&!.6&%+92&%!.3/0!,&%!23*+3%)0)3/%!
1&,'0)J&%!%3/0!.$0'),,$&%!&/01&!+'1&/079%&%!8RC.E.!_RO.V.!_RC.S.@<!3n!R!&%0!,'!+13+310)3/!)/)0)',&!
.6)/.)J).(%!.&!27'I(&!&%+92&!8C.E."!Colobopterus erraticus!_!C.S."!Caccobius schreberi!!_O.V. "!
Onthophagus vacca@;!
!
!
!
! !
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K'D,&'(!^"!`D3/.'/2&!&0!D)3*'%%&!)/)0)',&!8*5<!+3).%!%&2@!.&%!&%+92&%!.'/%!,&%!.)--$1&/0%!
*$%323%*&%!
Modalités Espèces 
Nb 
d’individus 
Biomasse 
individuelle 
spécifique  
Biomasse 
totale 
spécifique  
Biomasse 
totale  
Témoin sol nu   0 0 0 
 
Témoin dépôt   0 0 0 
 
Monospécifique 
     
avec 12 individus au 
total 
O. vacca 12 41,2 494,4 
 
      
 
C. erraticus 12 8 96 
 
      
 
C. schreberi 12 7,1 85,2 
 
Bispécifique 
     
avec 12 individus au 
total 
O. vacca 6 41,2 247,2 
295,2 
 
C. erraticus 6 8 48 
      
 
O. vacca 6 41,2 247,2 
289,8 
 
C. schreberi 6 7,1 42,6 
      
 
C. erraticus 6 8 48 
90,6 
 
C. schreberi 6 7,1 42,6 
Trispécifique avec équitabilité maximale (0,33;0,33;0,33) 
  
12 individus au total O. vacca 4 41,2 164,8 
225,2 
 
C. erraticus 4 8 32 
 
C. schreberi 4 7,1 28,4 
Trispécifique avec équitabilité faible (0,66;0,17;0,17) 
  
12 individus au total O. vacca 8 41,2 329,6 
359,8 
 
C. erraticus 2 8 16 
 
C. schreberi 2 7,1 14,2 
      
 
O. vacca 2 41,2 82,4 
160,6 
 
C. erraticus 8 8 64 
 
C. schreberi 2 7,1 14,2 
      
 
O. vacca 2 41,2 82,4 
155,2 
 
C. erraticus 2 8 16 
 
C. schreberi 8 7,1 56,8 
!
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4.2.2.4 Mesures et variables dérivées  
4.2.2.4.1! Mesures sur les déjections 
.+%%"# 0/4)# (5"<8C$'"4&"# 8$C&C0"41"I# (")# '4)"&1")# T%+$1)# +-# B'B/41)V# +41# C1C# $"1'$C)#
0")#D+-)")#/,'4#05CB'1"$#1+-1#D'/')#(+$)#0")#/4/(F)")#&6'%'M-"):#A/#8"$1"#0"#%/1'9$"#+$>/4'M-"#
0")#0CE"&1'+4)#"4#,+4&1'+4#0")#0',,C$"41")#%+0/('1C)#/#C1C#%")-$C":#24#0CD-1#05"<8C$'"4&"I#(")#
%7%"#1$"'R"#C&6/41'((+4)#M-"#8$C&C0"%%"41I#/8$9)#)C&6/>"#Tdrr|.#8"40/41#oH6V#"1#8F$+(F)"#
Tmrr|.#8"40/41#do6VI#+41#8"$%')#0"#0C1"$%'4"$#-4"#6-%'0'1C#$"(/1'B"#0"#gmIhx#0-#0")#D+-)")#
,$/'&6")# (+$)# 0"# ("-$# 0C8]1# "1# -4"# 1"4"-$# %'4C$/("# 0"# deIfx# 0"# (/# %/))"# )9&6":# A/#%7%"#
+8C$/1'+4#0"#)C&6/>"#"1#8F$+(F)"# /#C1C# $C/(')C"#"4#,'4#05"<8C$'"4&"#8+-$#&/(&-("$# (/#8"$1"#0"#
%/1'9$"#+$>/4'M-"#)9&6"#0"#&6/M-"#0C8]1#/'4)'#M-"#(/#1"4"-$#%'4C$/("#0")#D+-)"):#A")#1"4"-$)#
"4#/R+1"#"1#&/$D+4"I#/'4)'#M-"#("#$/88+$1#.{S#0")#D+-)")#+41#C>/("%"41#C1C#0C1"$%'4C)#/8$9)#
)C&6/>"# THg6# G# qr|.V# 0")# C&6/41'((+4)# Tdrr># "4# 8+'0)# ,$/')VI# 05/D+$0# (+$)# 0-# 0C8]1# 0")#
D+-)")# 0/4)# (")# %C)+&+)%")# "1# /-# 1"$%"# 0"# (5"<8C$'"4&":# A")# 1"4"-$)# 1+1/(")# "4# /R+1"# "1#
&/$D+4"# 0")# 0CE"&1'+4)# +41# C1C# 0C1"$%'4C")# G# 8/$1'$# 0"# m# %># 0"# D+-)"# ,'4"%"41# D$+FC"#
TD$+F"-$# G# D'((")V# "4# -1'(')/41# -4# /4/(F)"-$# 0"# &+%D-)1'+4# TN(/)6# 2Q# dddo# .S=# /4/(F)"$I#
Y6"$%+N'44'>/4I#;'(/4I#W1/('"V:#
'
4.2.2.4.2! Mesures sur le sol 
Z")#C&6/41'((+4)#0"# (/# 1"$$"#0C8+)C"#0/4)# (")#%C)+&+)%")# Tor#>#"4#8+'0)#,$/')V#+41#
C1C#8$C("BC)#(+$)#0-#0C8]1#0")#0CE"&1'+4)#8-')#)C&6C)#0/4)#0")#)/&6"1)#?$/,1#THg6#G#qr|.V#/,'4#
05",,"&1-"$#-(1C$'"-$"%"41#0',,C$"41")#/4/(F)")#&6'%'M-")#"1#%")-$"$#("#$/88+$1#.{S#0"#0C8/$1:#
Q-# 1"$%"# 0"# (5"<8C$'"4&"I# (")# 8+1)# +41# C1C# $"1'$C)# "1# ("-$# &+41"4-# 1/%')C# "4# )C8/$/41# (")#
6+$'R+4)#r##dr#&%#0"#8$+,+40"-$#"1#dr##or#&%:#A"#1/%')/>"#/#8"$%')#/-))'#0"#)C8/$"$#(")#
8"(+1")# ,C&/(")# "1# 05"<1$/'$"# (")# '4)"&1")# T%+$1)# +-# B'B/41)V:# A")# 8"(+1")# ,C&/(")# +41# C1C#
0C4+%D$C")#8-')#)C&6C")#/,'4#05"4#0C1"$%'4"$#(/#%/))":#A")#C&6/41'((+4)#0"#1"$$"#8$C("BC)#+41#
C1C# &+40'1'+44C)# 0"# (/# %7%"# ,/_+4# M-5/-# 0C8/$1# 8+-$# ",,"&1-"$# (")# 0',,C$"41")# /4/(F)")#
&6'%'M-"):#A")# 1"4"-$)# 1+1/(")# "4# /R+1"# "1# &/$D+4"#+41# C1C#0C1"$%'4C")# G#8/$1'$#0"# dr%>#0"#
1"$$"#,'4"%"41#D$+FC"#"4#-1'(')/41#-4#/4/(F)"-$#0"#&+%D-)1'+4#TN(/)6#2Q#dddo#.S=#/4/(FR"$I#
Y6"$%+N'44'>/4I#;'(/4I# W1/('"V:# A")# C&6/41'((+4)#0"# 1"$$"# Tm# >V#+41# C1C#8")C)# /B/41# "1# /8$9)#
)C&6/>"# G# drm|# .# 8"40/41# oH# 6# /,'4# 0"# 0C1"$%'4"$# ("-$# 1"4"-$# "4# "/-# "1# (56-%'0'1C#
>$/B'%C1$'M-":#Z5/-1$")#C&6/41'((+4)#Tm#>V#+41#C>/("%"41#C1C#-1'(')C)#8+-$#0C1"$%'4"$# (/#8/$1#
%'4C$/("#0"#(5/R+1"#8/$#"<1$/&1'+4#/-#&6(+$-$"#0"#8+1/))'-%#T?.(V:#A5/R+1"#%'4C$/(#")1#"<1$/'1#
G#8/$1'$#05-4#%C(/4>"#0"#m#>#0"#1"$$"#,$/l&6"%"41#1/%')C"#"1#om#%A#0"#?.(#Td#;V#n#("#%C(/4>"#
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")1#/>'1C#8"40/41#-4"#6"-$"#/B"&#-4#/>'1/1"-$#+$D'1/(:#A")#"<1$/'1)#0"#?.(#+41#"4)-'1"#C1C#,'(1$C)#
T,'(1$")#O6/1%/4#4|dV#"1#/4/(F)C)#8+-$#%")-$"$#(")#&+4&"41$/1'+4)#05/%%+4'-%#TSbH
V#"1#0"#
4'1$/1")# TS^f
@V# >$`&"# G# 0")# 8$+&C0-$")# 05/-1+@/4/(F)"-$# TP$/4# p# A-"DD"I# S+$0"$)1"01I#
3"$%/4FV:#U4"# 0"$4'9$"# )C$'"# 05C&6/41'((+4)# 0"# )+(# /# C1C# -1'(')C"# 8+-$# CB/(-"$# (/# D'+%/))"#
%'&$+D'"44":# A"# &/$D+4"# "1# (5/R+1"# 0"# (/# D'+%/))"# %'&$+D'"44"# +41# C1C# %")-$C)# )-$# 0")#
C&6/41'((+4)# 0"# m# ># 0"# )+(# ,$/l&6"%"41# 1/%')CI# "4# /88('M-/41# (/# %C16+0"# 0"# ,-%'>/1'+4# "1#
'4&-D/1'+4# /-# &6(+$+,+$%"# TP$++L")# "1# /(:I# degmV:# A"# &/$D+4"# )+(-D("# /# C1C# "<1$/'1# G# 8/$1'$#
05C&6/41'((+4)# 1$/'1C)#+-#4+4#8/$# ,-%'>/1'+4#/B"&#om#%A#0"#)+(-1'+4#0"#?o=^H# TrIm#;V:#A"#
&/$D+4"# %'&$+D'"4# T.# %'&$+D'"4V# ")1# (/# 0',,C$"4&"# 0-# &/$D+4"# 1+1/(# "<1$/'1# "41$"# (")#
C&6/41'((+4)#1$/'1C)#8/$#,-%'>/1'+4#"1#&"-<#4+4#1$/'1C)I#/B"&#-4#,/&1"-$#05/E-)1"%"41#L.##rIfm#
T=8/$('4># "1# /(:I# deerV:# A5/R+1"# %'&$+D'"4# TS# %'&$+D'"4V# ")1# (/# 0',,C$"4&"# 0"# (5/R+1"# 1+1/(#
"<1$/'1# "41$"# (")# C&6/41'((+4)# 1$/'1C)# 8/$# ,-%'>/1'+4# "1# &"-<# 4+4# 1$/'1C)I# /B"&# -4# ,/&1"-$#
05/E-)1"%"41#LS##rImH#TP$++L")#"1#/(:I#degmV:##
#
A/# B'1"))"# 0C&+%8+)'1'+4# 0"# (/# %/1'9$"# +$>/4'M-"# 0/4)# ("# )+(# /# C1C# %")-$C"# 8/$# (/#
%C16+0"#0")#)/&6"1)#0"#('1'9$"#1+-1#&+%%"#0/4)#(5"<8C$'"4&"#8$C&C0"41":##
#
4.2.2.4.3! Pousse de la végétation
A"#D-1#0"# (5C1-0"#45C1/'1#8/)#05CB/(-"$# (5",,"1#0")#D+-)'"$)# )-$# (/#8$+0-&1'+4#8$'%/'$":#
Q-&-4"#D/4M-"#0"#>$/'4")#&+41$](C"#45/#0+4&#C1C#%')"#"4#8(/&":#A/#BC>C1/1'+4#M-'#/#8+-))C#/-#
)"'4#0")#%C)+&+%")#8$+B'"41#0+4&#05-4"#&+41/%'4/1'+4#"4B'$+44"%"41/("#"1#&+4)1'1-"#-4#/(C/#
0"# (5C1-0":#."11"# BC>C1/1'+4# 45/# 8/)# C1C# &+-8C"# /-# &+-$)# 0"# (5"<8C$'"4&"# "1# /# C1C# $C&-8C$C"#
T/C$'"4# "1# $/&'4/'$"# 4+4# 0')1'4>-C)V# G# (/# ,'4# 8+-$# "4# ")1'%"$# (/# %/))"# )9&6"# T%/))"# )9&6"#
BC>C1/("V#"1#/'4)'#CB/(-"$#("#D'/')#0"#&"11"#8$+0-&1'+4#8$'%/'$"#)-$#(")#1"4"-$)#"4#4-1$'%"41)#0-#
)+(:#
'
4.2.2.5 Analyses statistiques et modélisation 
*+-$#(")#B/$'/D(")#0-#)+(I#-4"#&+%8/$/')+4#/#C1C#$C/(')C"#8/$#-4#1")1#0"#?$-)L/(@O/((')#
"41$"#(")#B/("-$)#%")-$C")#0/4)#("#)+(#4-#T4'#D+-)"#4'#'4)"&1")V#"1#&"((")#0")#%C)+&+)%")#4"#
&+41"4/41#M-"# (/#0CE"&1'+4# T)/4)# (")# '4)"&1")V:#."11"# &+%8/$/')+4#8"$%"1#05CB/(-"$# (5'%8/&1#
05-4"#0CE"&1'+4#4+4#&+(+4')C"#)-$# (")# 1$/4),"$1)#0"#4-1$'%"41)#"1#)-$# (")#/&1'B'1C)#0")#%'&$+@
+$>/4')%")#0-#)+(:#24#8/$/((9("I#(/#%7%"#&+%8/$/')+4#/#C1C#$C/(')C"#"41$"#(")#B/("-$)#8+-$#("#
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)+(# 4-# "1# &"((")# +D1"4-")# 0/4)# (")# %C)+&+)%")# &+41"4/41# (/# D'+%/))"# 05'4)"&1")# (/# 8(-)#
'%8+$1/41"#T%C)+&+)%"#%+4+)8C&','M-"#05F406%/69D&'V:#
U4"#QS^tQ#G#-4#,/&1"-$#/#C1C#$C/(')C"#8+-$#1")1"$#(5",,"1#0"#(/#$'&6"))"#)8C&','M-"#)-$#
(")# 0',,C$"41")# 0+44C")# $"&-"'(('"):# A")# 0+44C")# +41# C1C# 1$'C")# "4# ,+4&1'+4# 0-# 4+%D$"#
05")89&")#'41$+0-'1")#0/4)#("#%C)+&+)%"#TdI#o#+-#f#")89&")V:#
Z")#%+09(")# ('4C/'$")# >C4C$/(')C)# T3A;V# +41# "4)-'1"# C1C# ",,"&1-C)# )-$# (")# 0',,C$"41")#
0+44C")# %")-$C")# "4# ,+4&1'+4# 0"# (5'0"41'1C# 0")# ")89&")# "1# 0")# 0',,C$"41")# '41"$/&1'+4)# Tf#
'41"$/&1'+4)#8/$#8/'$"#"1# '41"$/&1'+4#0")# 1$+')#")89&")V:#A/#%/))"#BC>C1/("# )9&6"#/#C>/("%"41#
C1C# "41$C"# "4# &+B/$'/D("#0/4)# (")#%+09(")# /,'4#05/88$C6"40"$# )+4# '%8/&1# )-$# (")#0',,C$"41")#
B/("-$)#%")-$C")#4+1/%%"41#/-#4'B"/-#0-#)+(:##
#
4.2.3!Résultats 
4.2.3.1 Nombre et poids des nids pédotrophiques  
Z/4)# ("# &/)# 0")# F406%/69D&'# "1# 0")# N9,,%$(&'I# ("# 4+%D$"# 0"# D+-(")@4'0)# C1/'1#
8+)'1'B"%"41#&+$$C(C#/-#4+%D$"#05'40'B'0-)#T"4#('%'1"#0"#)'>4','&/1'B'1C#8+-$#(")#N9,,%$(&'V#
TY/D("/-#drI#N'>:#mHV:#A")#0"-<#")89&")#/B/'"41# "41"$$C#0")#8"(+1")# ,C&/(")#)+-)# (")#D+-)")I#
&+4,'$%/41# (/# 4'0','&/1'+4# 0"# &")# ")89&")# 0/4)# (")# %C)+&+)%"):# P'"4# M-5/-&-4# ",,"1#
)'>4','&/1',#45/'1#8-#71$"#%')#"4#CB'0"4&"I#(5'41"$/&1'+4#"41$"#(")#F406%/69D&'#"1#(")#N9,,%$(&'#
1"40$/'1# G#71$"#4C>/1'B"# TY/D("/-#drV:#A/#D+44"#4'0','&/1'+4#0")#F406%/69D&'# ")1# &+4,'$%C"#
8/$#(")#$C)-(1/1)#)-$#(/#%/))"#0")#4'0)#TY/D("/-#drI#N'>:#mmV:#
#
#
#
#
#
#
#
#
#
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K'D,&'(!H>"!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,&!/3*D1&!&0!,'!*'%%&!.&!/).%!+$.3013+7)I(&%!!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Variables Paramètres Estimate Std. Error t value Pr(>|t|) 
Nombre de nids      
 Intercept 2,00 3,04   0,66 0,513   
 OV 0,96     0,35    2,72  0,009 
 CE  0,15 0,35    0,43 0,666    
 CS 0,61   0,35    1,74 0,088 
 OV : CE -0,03     0,10   -0,25   0,801   
 OV : CS -0,17 0,10   -1,62 0,112    
 CE : CS -0,03    0,10  -0,33   0,745    
 OV : CE : CS 0,07     0,06    1,26   0,214 
      
Masse des nids      
 Intercept 0,26 1,56    0,16 0,869    
 OV 0,69   0,18    3,84 <0,001 
 CE  0,00   0,18    0,02 0,983    
 CS 0,06 0,18 0,35 0,724 
 OV : CE -0,02    0,05 -0,45 0,654    
 OV : CS -0,06    0,05   -1,18 0,244     
 CE : CS   0,00 0,05    0,07 0,944     
 OV : CE : CS   0,04 0,03 1,55 0,127     
      
 
 
 
A)5(1&!Q?"![3*D1&!.&!/).%!'(!0&1*&!.&!,6&4+$1)&/2&!&/!-3/20)3/!.(!/3*D1&!030',!.6)/.)J).(%!
.6Onthophagus!&0!.&!Caccobius!.'/%!,&%!*$%323%*&%;!Z'!.13)0&!1&+1$%&/0&!,'!1$51&%%)3/!
,)/$')1&!&/01&!2&%!.&(4!J'1)'D,&%;!
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Somme du nombre d'individus d'Onthophagus et de Caccobius 
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A)5(1&!QQ"!Y'%%&!%927&!.&%!/).%!'(!0&1*&!.&!,6&4+$1)&/2&!&/!-3/20)3/!.(!/3*D1&!030',!
.6Onthophagus!.'/%!,&%!*$%323%*&%;!Z'!.13)0&!1&+1$%&/0&!,'!1$51&%%)3/!,)/$')1&!&/01&!2&%!
.&(4!J'1)'D,&%;!
 
4.2.3.2 Masse végétale sèche 
A/#%/))"#BC>C1/("#)9&6"#/#&+4)1'1-C#("#8$'4&'8/(#D'/')#0"#4+1$"#"<8C$'"4&":#."11"#M-/41'1C#
/#C1C#%")-$C"#/,'4#05CB/(-"$# )+4# '4,(-"4&"#)-$# (")#0',,C$"41)#8/$/%91$")#0-#)+(:#."11"#%/))"#
BC>C1/("#")1#8+)'1'B"%"41#&+$$C(C"#/-#4+%D$"#"1#G#(/#%/))"#0")#4'0)#8C0+1$+86'M-")#TY/D("/-#
ddV:# P'"4# M-"# &"# $C)-(1/1# )+'1# 0',,'&'("# G# '41"$8$C1"$# 0-# ,/'1# 0"# (5/D)"4&"# 0"# &+41$]("# 0"#
(5"4)"%"4&"%"41#'4'1'/(#4/1-$"(#"4#>$/'4")#0/4)#0")#0',,C$"41)#%C)+&+)%")I#&"11"#&+$$C(/1'+4#
8+-$$/'1#71$"#"4#8/$1'"#/11$'D-C"#G# (/#>"$%'4/1'+4#0"#>$/'4")#&+41"4-")#0/4)# (")#0CE"&1'+4)#"1#
"4,+-'")#8/$#(")#'4)"&1")#TN'>:#mqV:#
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#
K'D,&'(!HH"!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,'!*'%%&!J$5$0',&!%927&!!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Variables 
 
Paramètres 
 
Estimate Std. Error t value Pr(>|t|) 
Masse végétale sèche 
 
    
Intercept 
 
0,22    0,62   0,35   0,729    
 Nb de nids 
 
0,14    0,04   3,20        0,002 
 OV  
 
0,02 0,09   0,21   0,837    
 CE 
 
0,04  0,09   0,50   0,619    
 OV : CE -0,00 0,03   -0,24  0,809 
  
 
    
 Intercept 
 
0,40     0,41    0,98   0,333   
 Nb de nids 0,14     0,04    3,43  0,001 
  
 
    
 Intercept 
 
0,82    0,58   1,42        0,161    
 Masse des nids 
 
0,26   0,09 2,96      0,005  
 OV  
 
-0,06    0,11 -0,60       0,550 
 CE 
 
0,03 0,09  0,34   0,738   
 OV : CE -0,01    0,03   -0,22  0,828 
  
 
    
 Intercept 
 
0,78     0,36  2,19   0,033 
 Masse des nids 
 
0,22     0,07 3,07 0,003 
      
 
 
 
 
A)5(1&!QS!"!h1')/&!'C'/0!5&1*$!.'/%!(/&!+&,30&!-$2',&!&/-3()&!.'/%!(/!.&%!*$%323%*&%;!
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4.2.3.3 Perte de matière organique des bouses 
A/#8"$1"#0"#%/1'9$"#+$>/4'M-"#0")#D+-)")#T"<8$'%C"#"4#8+'0)#)"&V#")1#(/#%")-$"#(/#8(-)#
(/$>"%"41#-1'(')C"#8+-$#CB/(-"$#("#$"&F&(/>"#0")#0CE"&1'+4)#8/$#(")#'4)"&1")#&+8$+86/>"):#A")#
0',,C$"4&")#0"# $'&6"))"# )8C&','M-"#45+41#8/)#05",,"1# )'>4','&/1',# )-$# (/# 0'%'4-1'+4#0"#%/1'9$"#
TNrIorqI#8rIgdmV:#Y+-1",+')# (/#8"$1"#0"#%/1'9$"#/88/$/'1#8+)'1'B"%"41#&+$$C(C"#/-#4+%D$"#
05'40'B'0-)# 05F406%/69D&'# "1# T"4# ('%'1"# 0"# )'>4','&/1'B'1CV# 0"# N%-%$%/0#)&'# TY/D("/-# doI#
N'>:mhV:#
!!
K'D,&'(!H="!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,&!+3(12&/0'5&!.&!+&10&!.&!*'0)91&!315'/)I(&!
%927&!.&%!D3(%&%!!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Variables 
 
Paramètres Estimate Std. Error t value Pr(>|t|) 
Perte de matière 
organique des bouses 
     
 Intercept 
 
22,32    4,19 5,33 2,87e-06 
 Masse végétale 
végétale 
     0,18      0,59      0,31      0,754 
 OV 
 
1,31 0,49 2,68 0,010 
 CE  
 
0,90 0,48 1,86 0,070 
 CS 
 
     0,28 0,48 0,57 0,569 
 OV : CE 
 
0,02 0,14 0,14 0,888 
 OV : CS 
 
    -0,00      0,14     -0,01      0,991 
 CE : CS 
 
-0,10 0,14 -0,73 0,469 
 OV : CE : CS 
 
0,06 0,08 0,70 0,484 
     
 Intercept 
 
  22,45    4,13 5,44 1,89e-06  
 OV 
 
1,33 0,48 2,78 0,008  
 CE  
 
0,90 0,48 1,87 0,067 
 CS 
 
     0,27 0,48 0,57 0,571    
 OV : CE 
 
0,02 0,14 0,12   0,905 
 OV : CS 
 
    -0,00      0,14     -0,03       0,979 
 CE : CS 
 
-0,10    0,14 -0,69    0,491 
 OV : CE : CS 
 
0,06    0,08   0,77    0,446 
     
#
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! 
A)5(1&!QU"!R3(12&/0'5&!.&!+&10&!.&!*'0)91&!315'/)I(&!%927&!'(!0&1*&!.&!,6&4+$1)&/2&!8Q!*3)%@!
&/!-3/20)3/!.(!/3*D1&!.6)/.)J).(%!.6Onthophagus!.'/%!,&%!*$%323%*&%;!Z'!.13)0&!1&+1$%&/0&!
,'!1$51&%%)3/!,)/$')1&!&/01&!2&%!.&(4!J'1)'D,&%;!
 
4.2.3.4 Teneur minérale des déjections 
A")#0',,C$"4&")#0"#1"4"-$#"4#%/1'9$"#%'4C$/("#0")#0CE"&1'+4)#4"#)+41#8/)#)'>4','&/1'B")#
)"(+4# (")# %+0/('1C)# TNrIegeI# 8rIfgrV:# Y+-1",+')# (/# 1"4"-$# "4# %/1'9$"# %'4C$/("# /88/$/'1#
8+)'1'B"%"41#&+$$C(C"#/-#4+%D$"#05'40'B'0-)#05F406%/69D&'#"1#T"4#('%'1"#0"#)'>4','&/1'B'1CV#G#
(5'41"$/&1'+4#"41$"#F406%/69D&'#"1#N%-%$%/0#)&'#TY/D("/-#dfI#N'>:#mgV:#
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K'D,&'(!Hb"!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,'!0&/&(1!*)/$1',&!.&%!.$P&20)3/%!!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Variables 
 
Paramètres Estimate Std. Error t value Pr(>|t|) 
Teneur en matière 
minérale des bouses 
 
     
Intercept 
 
27,69 3,32 8,34 9,37e-11 
 Masse végétale 
 
     0,15     0,46      0,33      0,74 
 OV 
 
1,55 0,39 4,00 <0,001 
 CE  
 
0,60 0,38 1,58 0,121 
 CS 
 
     0,60 0,38 1,56 0,125 
 OV : CE 
 
0,22 0,11 1,94 0,059 
 OV : CS 
 
     0,08      0,11      0,73      0,467 
 CE : CS 
 
-0,02 0,11 -0,20 0,842 
 OV : CE : CS 
 
0,01 0,06 0,22 0,829 
     
 Intercept 
 
27,80 3,27 8,49 4,77e-11 
 OV 
 
1,57 0,38 4,14 <0,001 
 CE  
 
0,60 0,38 1,59 0,118 
 CS 
 
0,60 0,38 1,57 0,123 
 OV : CE 
 
0,21 0,11 1,94 0,059 
 OV : CS 
 
     0,08      0,11      0,73      0,471 
 CE : CS 
 
-0,02 0,11 -0,15 0,881 
 OV : CE : CS 
 
0,02 0,06 0,27 0,787 
     
 
 
 
A)5(1&!QV"!K&/&(1!&/!*'0)91&!*)/$1',&!.&%!.$P&20)3/%!8o@!'(!0&1*&!.&!,6&4+$1)&/2&!8Q!*3)%@!&/!
-3/20)3/!.(!/3*D1&!.6)/.)J).(%!.6Onthophagus!.'/%!,&%!*$%323%*&%;!Z'!.13)0&!1&+1$%&/0&!,'!
1$51&%%)3/!,)/$')1&!&/01&!2&%!.&(4!J'1)'D,&%;!
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4.2.3.5 Pourcentages d’azote et de carbone dans les déjections par 
rapport au poids sec 
Q-&-4# ",,"1# )'>4','&/1',# 0"# (/# $'&6"))"# )8C&','M-"# 45/# 8-# 71$"#%')# "4# CB'0"4&"# )-$# (")#
1"4"-$)# "4# 4-1$'%"41)# TNdIhdgI# 8rIder#n# NdIfqI# 8rIoqh# 8+-$# (5/R+1"# "1# ("# &/$D+4"I#
$")8"&1'B"%"41V:# A")# 8+-$&"41/>")# 05/R+1"# "1# 0"# &/$D+4"# 0/4)# (")# 0CE"&1'+4)# /-# 1"$%"# 0"#
(5"<8C$'"4&"# C1/'"41# 4C>/1'B"%"41# &+$$C(C)# /-# 4+%D$"# 05'40'B'0-)# 05F406%/69D&'# "1# G#
(5'41"$/&1'+4# "41$"# F406%/69D&'# "1# N%-%$%/0#)&'# TY/D("/-# dHI# N'>:# meI# qrV:# A"# 4+%D$"#
05'40'B'0-)#0"#N%-%$%/0#)&'#C1/'1#C>/("%"41#&+$$C(C#4C>/1'B"%"41#/-#8+-$&"41/>"#0"#&/$D+4"I#
"4#('%'1"#0"#)'>4','&/1'B'1C:#A")#B/("-$)#%+F"44")#C1/'"41#0"#oIhgx#05/R+1"#"1#0"#fhIfdx#0"#
&/$D+4"#8/$#$/88+$1#G#(/#%/))"#)9&6"#0")#0CE"&1'+4)#8+-$#(")#%C)+&+)%")#)/4)#'4)"&1")#T4##
mV:#2((")# C1/'"41# )-8C$'"-$")# /-<#B/("-$)# 0"# 1+-1# /-1$"#%C)+&+)%"# &+41"4/41# 0")# '4)"&1")# "1#
8+-$#(")M-"()#(")#8+-$&"41/>")#%+F"4)#T4##mrV#C1/'"41#0"#oIogx#8+-$#(5/R+1"#"1#frIrrx#8+-$#
("#&/$D+4":#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
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K'D,&'(!H?"!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,&%!0&/&(1%!&/!'l30&!&0!2'1D3/&!.'/%!,&%!
.$P&20)3/%!+'1!1'++310!'(!+3).%!%&2!8o@!!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Variables 
 
Paramètres Estimate Std. Error t value Pr(>|t|) 
Teneur en azote 
des déjections 
 
     
Intercept 
 
2,79     0,14   20,40   < 2e-16 
 Masse végétale 
 
-0,01  0,02   -0,62   0,541    
 OV 
 
-0,04  0,02   -2,81  0,007 
 CE 
 
-0,02   0,02  -1,52   0,136   
 CS 
 
-0,02  0,02  -1,38   0,175     
 OV : CE 
 
-0,01   0,00   -2,30  0,026 
 OV : CS 
 
-0,01 0,00  -1,10   0,278     
 CE : CS 
 
0,00   0,00    0,50   0,617    
 OV : CE : CS 
 
  -0,00  0,00   -0,22  0,823    
     
 Intercept 
 
2,78   0,14   20,57  < 2e-16 
 OV 
 
-0,05 0,02   -2,96   0,005 
 CE 
 
-0,02  0,02 -1,53 0,134     
 CS 
 
-0,02   0,02   -1,37  0,176    
 OV : CE 
 
-0,01   0,00   -2,27  0,028 
 OV : CS 
 
-0,00   0,00   -1,08  0,286     
 CE : CS 
 
0,00   0,00    0,41        0,683     
 OV : CE : CS 
 
-0,00  0,00  -0,32   0,748    
     
 Teneur en carbone  
des déjections 
     
 Intercept 
 
37,43    1,89   19,76   < 2e-16 
 Masse végétale  
 
-0,18   0,26   -0,66  0,510     
 OV 
 
-0,67    0,22   -3,02  0,004 
 CE 
 
-0,40   0,22   -1,81  0,077 
 CS 
 
-0,34 0,22   -1,54 0,131    
 OV : CE 
 
-0,13   0,06   -2,09  0,042 
 OV : CS 
 
-0,07    0,06   -1,04  0,305     
 CE : CS 
 
0,03    0,06    0,46  0,645     
 OV : CE : CS 
 
-0,00   0,04  -0,12  0,902     
      
 Intercept 
 
37,31     1,87   19,90   < 2e-16 
 OV 
 
-0,69    0,22   -3,18  0,003      
 CE 
 
-0,39    0,22   -1,82 0,075 
 CS 
 
-0,33 0,22  -1,53  0,133   
 OV : CE 
 
    -0,13    0,06   -2,06   0,045 
 OV : CS 
 
-0,06    0,06   -1,01   0,316     
 CE : CS 
 
0,02    0,06   0,36        0,718     
 OV : CE : CS 
 
-0,00    0,03  -0,23   0,822    
      
#
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#
A)5(1&!Q^"!K&/&(1!&/!'l30&!.&%!.$P&20)3/%!+'1!1'++310!'(!+3).%!%&2!8o@!'(!0&1*&!.&!
,6&4+$1)&/2&!&/!-3/20)3/!.(!/3*D1&!.6)/.)J).(%!.6Onthophagus!.'/%!,&%!*$%323%*&%;!Z'!
.13)0&!1&+1$%&/0&!,'!1$51&%%)3/!,)/$')1&!&/01&!2&%!.&(4!J'1)'D,&%;!
#
#
A)5(1&!S>"!K&/&(1!&/!2'1D3/&!.&%!.$P&20)3/%!+'1!1'++310!'(!+3).%!%&2!8o@!'(!0&1*&!.&!
,6&4+$1)&/2&!&/!-3/20)3/!.(!/3*D1&!.6)/.)J).(%!.6Onthophagus!.'/%!,&%!*$%323%*&%;!Z'!
.13)0&!1&+1$%&/0&!,'!1$51&%%)3/!,)/$')1&!&/01&!2&%!.&(4!J'1)'D,&%;!
#
4.2.3.6 Perte de litière 
A/#8"$1"#0"#('1'9$"#45/#8/)#C1C#%+0','C"#8/$#(/#$'&6"))"#)8C&','M-"#0/4)#(")#%C)+&+)%")#
TNrIrhqI# 8rIeohV:# P'"4# M-"# &"11"# 0'%'4-1'+4# 45/'1# 8/)# C1C# /,,"&1C"# )'>4','&/1'B"%"41# 8/$#
1"(("#+-#1"(("#")89&"#+-#("-$)#'41"$/&1'+4)#TY/D("/-#dmVI#&"(("@&'#/#C1C#)'>4','&/1'B"%"41#%+'4)#
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'%8+$1/41"#"4#(5/D)"4&"#0"#0CE"&1'+4)#TY/D("/-#dqV#TbHIgddI#8rIrogV:#A/#8$C)"4&"#0"#D+-)"#
"4#)-$,/&"#8"$%"1#)/4)#0+-1"#0"#)1'%-("$#(5/&1'B'1C#0")#%'&$+@+$>/4')%")#0C&+%8+)"-$)#0"#(/#
('1'9$"#0/4)#("#)+(:#."8"40/41I#(+$)M-"#(/#D'+%/))"#0")#'4)"&1")#C1/'1#C("BC"I#(/#0',,C$"4&"#/B"&#
(")#%C)+&+)%")#)/4)#0CE"&1'+4#45")1#8(-)#)'>4','&/1'B"#TbdIgHHI#8rIdhHV:##
#
K'D,&'(!HQ!"!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,&!+3(12&/0'5&!.&!+&10&!.&!,)0)91&!!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
 
 
 
 
 
 
 
 
Variables 
 
Paramètres Estimate Std. Error t value Pr(>|t|) 
Perte de litière 
dans le sol 
 
     
Intercept 
 
42,93 1,71 25,12 <2e-16 
 Masse végétale 
 
-0,07 0,24 -0,27 0,786 
 OV 
 
-0,10 0,20 -0,51 0,609 
 CE  
 
  -0,02 0,20 -0,08 0,939     
 CS 
 
-0,07 0,20 -0,37 0,712 
 OV : CE 
 
0,02 0,06   0,32 0,748 
 OV : CS 
 
   -0,00      0,06     -0,02      0,985 
 CE : CS 
 
-0,05 0,06 -0,93 0,358 
 OV : CE : CS 
 
  0,02 0,03 0,58 0,565 
     
 Intercept 
 
42,88   1,68   25,46    <2e-16 
 OV 
 
-0,11 0,20 -0,57    0,572 
 CE  
 
  -0,01 0,20   -0,08 0,939     
 CS 
 
-0,07 0,20 -0,37   0,714     
 OV : CE 
 
0,02 0,06      0,35 0,730 
 OV : CS 
 
   -0,00       0,06     -0,01          0,995 
 CE : CS 
 
   -0,06 0,06 -0,99 0,325 
 OV : CE : CS 
 
  0,02   0,03   0,55 0,585     
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K'D,&'(!HS!"!X',&(1%!*3C&//&%!.&%!+'1'*901&%!.(!%3,!&/!-3/20)3/!.&%!01')0&*&/0%!.&%!
.)--$1&/0%!*$%323%*&%!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Traitement 
 
Perte de 
litière du 
sol 
(%) 
 
Quantité 
d’azote 
minéral 
(mg.g-1  
sol sec) 
Quantité de 
nitrates  
(mg.g-1  
sol sec) 
Rapport 
NH4/NO3 
Quantitté 
de 
carbone 
lessivable 
(µg.g-1  
sol sec) 
 
Quantité 
d’azote 
microbien 
(µg.g-1  
sol sec) 
Quantité 
de 
carbone 
microbien 
(µg.g-1  
sol sec) 
Sol nu 36,00 
 
4,53 
  
2,58 
 
0,88 
 
102,61 
 
18,08 
 
199,90 
 
Témoin 
bouse 
42,88 15,62 
 
13,13 
 
0,20 
 
113,81 
 
21,98 
 
212,72 
 
Mono OV 41,33 
 
9,00 7,57 
 
0,26 
 
111,63 
 
20,95 
 
211,12 
 
Mono CE 43,06 
 
13,02 
 
11,62 
 
0,12 
 
115,23 
 
24,75 
 
231,55 
 
Mono CS 42,01 
 
15,91 
 
12,47 
 
0,25 
 
111,12 
 
23,55 
 
222,41 
 
Bi OV-CE 42,97 
 
14,20 
 
13,14 
 
0,09 
 
113,15 
 
24,60 
 
225,02 
 
Bi OV-CS 41,54 
 
11,15 
 
10,13 
 
0,10 
 
109,26 
 
21,95 
 
210,02 
 
Bi CE-CS 40,67 
 
8,85 
 
7,25 
 
0,29 
 
113,72 
 
20,81 
 
221,88 
 
Tri OV-CE-
CS 
42,97 
 
15,88 
 
14,11 
 
0,13 
 
114,57 
 
24,74 
 
232,24 
 
Tri OV 43,00 
 
7,25 
 
5,75 
 
0,41 
 
115,59 
 
18,96 
 
201,04 
 
Tri CE 41,18 
 
14,74 12,82 
 
0,26 
 
115,36 
 
23,83 
 
208,98 
 
Tri CS 41,66 9,23 7,92 0,22 111,42 23,46 226,32 
        
 
4.2.3.7 Pourcentages d’azote et de carbone dans le sol 
A")#8+-$&"41/>")#05/R+1"#"1#0"#&/$D+4"#0/4)#("#)+(#45+41#8/)#C1C#%+0','C)#8/$#("#4+%D$"#
05")89&")# 0/4)# (")# %C)+&+)%")# TNrIohmI# 8rIhqd#n# NrIohrI# 8# rIhqH# 8+-$# (5/R+1"# "1# ("#
&/$D+4"I# $")8"&1'B"%"41V:#*/$#&+41$"#&")#B/("-$)#+41#C1C#8+)'1'B"%"41#/,,"&1C")#8/$# (/#%/))"#
BC>C1/("# )9&6"# TN'>:# qdI# qoV# /(+$)# M-5"((")# (5C1/'"41# 4C>/1'B"%"41# 8/$# ("# 4+%D$"# 0"#
N%-%$%/0#)&'# T"4# ('%'1"# 0"# )'>4','&/1'B'1C# 8+-$# ("# &/$D+4"V# TY/D("/-<#dhI# dgQ=!A/# D'+%/))"#
BC>C1/("#1"40$/'1#0+4&#G#,/'$"#/->%"41"$#(")#1"4"-$)#"4#/R+1"#"1#&/$D+4"#0-#)+(I#8$+D/D("%"41#
"4#$/')+4#0")#$C)"/-<#$/&'4/'$")#/))+&'C)#$'&6")#"4#4-1$'%"41):#
#
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K'D,&'(!HU!"!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,'!0&/&(1!&/!'l30&!.(!%3,!+'1!1'++310!'(!+3).%!%&2!
8o@!!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Variables 
 
Paramètres Estimate Std. Error t value Pr(>|t|) 
Teneur en 
azote du sol 
 
     
Intercept 
 
2,20e-01 1,08e-02   20,365    <2e-16 
 OV  
 
-1,97e-04 1,26e-03   -0,156 0,876     
 CE 
 
-2,88e-03 1,24e-03   -2,313    0,025 
 CS 
 
  -8,90e-05 1,24e-03   -0,072    0,943    
 Masse végétale 
 
3,53e-03 1,51e-03    2,341 0,024 
 OV : CE 
 
4,03e-04   3,64e-04 1,107 0,274 
 OV : CS 
 
-3,35e-04 3,63e-04   -0,921    0,362 
 CE : CS 
 
-3,62e-05   3,68e-04   -0,098 0,922 
 OV : CE : CS 
 
  -1,10e-04 2,01e-04   -0,545    0,589     
     
 Intercept 
 
0,22   0,01 20,61 <2e-16 
 Masse végétale 
 
0,00   0,00    2,26    0,028 
 OV 
 
-0,00 0,00   -0,20 0,840 
 CE 
 
-0,00   0,00   -2,29    0,026 
 CS 
 
-0,00 0,00 -0,66   0,515     
     
 Intercept 
 
0,22   0,00   44,67    <2e-16 
 Plant dry mass 
 
0,00   0,00    2,31         0,025 
 CE 
 
-0,00   0,00   -2,63   0,011 
     
 
 
K'D,&'(!HV!"!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,&!+3(12&/0'5&!.&!2'1D3/&!.'/%!,&!%3,!!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Variables 
 
Paramètres Estimate Std. Error t value Pr(>|t|) 
Teneur en 
carbone du sol 
 
     
Intercept 
 
2,09   0,12   17,90 <2e-16 
 OV  
 
0,00 0,01    0,22 0,826    
 CE 
 
-0,02 0,01   -1,75 0,088 
 CS 
 
0,00   0,01   0,27    0,789     
 Masse végétale 
 
0,03   0,02    2,05 0,046 
 OV : CE 
 
0,00  0,00    0,94  0,351     
 OV : CS 
 
-0,00 0,00 -0,77   0,444     
 CE : CS 
 
0,00   0,00 0,03  0,975 
 OV : CE : CS 
 
-0,00   0,00   -0,48 0,631    
     
 Intercept 
 
2,02     0,04  48,73    <2e-16 
 Masse végétale 
 
0,03   0,02    2,07     0,04 
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A)5(1&!SH!"!K&/&(1!&/!'l30&!.(!%3,!+'1!1'++310!'(!+3).%!%&2!8o@!'(!0&1*&!.&!,6&4+$1)&/2&!&/!
-3/20)3/!.&!,'!*'%%&!J$5$0',&!%927&!.'/%!,&%!*$%323%*&%;!Z'!.13)0&!1&+1$%&/0&!,'!1$51&%%)3/!
,)/$')1&!&/01&!2&%!.&(4!J'1)'D,&%;!
 
 
A)5(1&!S=!"!K&/&(1!&/!2'1D3/&!.(!%3,!+'1!1'++310!'(!+3).%!%&2!8o@!'(!0&1*&!.&!,6&4+$1)&/2&!&/!
-3/20)3/!.&!,'!*'%%&!J$5$0',&!%927&!.'/%!,&%!*$%323%*&%;!Z'!.13)0&!1&+1$%&/0&!,'!1$51&%%)3/!
,)/$')1&!&/01&!2&%!.&(4!J'1)'D,&%;!
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4.2.3.8 Azote minéral 
A/#1"4"-$#"4#/R+1"#%'4C$/(#0-#)+(#45/#8/)#C1C#'4,(-"4&C"#)'>4','&/1'B"%"41#8/$#("#4+%D$"#
05")89&")# 8$C)"41")# 0/4)# (")#%C)+&+)%")# TNrIdmfI# 8rIgmgV:# */$# &+41$"# &"11"# 1"4"-$# /# C1C#
/,,"&1C"#4C>/1'B"%"41#8/$#(/#%/))"#0"#BC>C1/1'+4#M-'#/#8+-))C#0/4)#(")#%C)+&+)%")#"4#$/')+4#
0"# (5-1'(')/1'+4# 0"# &"11"# ,+$%"#%'4C$/("# 05/R+1"# 8/$# (")# 8(/41")# TN'># qfV:# ."11"# 1"4"-$# C1/'1#
)'>4','&/1'B"%"41# $C0-'1"# "4# (5/D)"4&"# 0"# 0CE"&1'+4)I# &+4,'$%/41# (5'%8+$1/41# /88+$1# /R+1C#
$"8$C)"41C"#8/$#&"((")@&'#TbqIgdgI#8rIrreV:#."11"#0',,C$"4&"#/#C>/("%"41#C1C#+D)"$BC"#"41$"#
("#%C)+&+)%"#)/4)#0CE"&1'+4)#"1#&"(-'#&+41"4/41# (/#8(-)#,+$1"#D'+%/))"#TbfIefgI#8rIrHhV:#
24# ('%'1"# 0"# )'>4','&/1'B'1CI# (/# 8$C)"4&"# 0")# '40'B'0-)# 05F406%/69D&'! ?9,,9# )"-()# 0/4)# (")#
%C)+&+)%")#/#-4#",,"1#4C>/1',#)-$#(/#1"4"-$#"4#/R+1"#%'4C$/(#/(+$)#M-"#(5'41"$/&1'+4#"41$"#(")#
1$+')# ")89&")# )"# 1$/0-'1# 8/$# -4# ",,"1# 8+)'1',# TY/D("/-# deV:# A"# $/88+$1# SbH{S^f# 45/# 8/)# C1C#
%+0','C# 8/$# ("# 4+%D$"# 05")89&")# 8$C)"41")# 0/4)# (")# %C)+&+)%")# TNdIfghI# 8rIoqrV:# */$#
&+41$"I#G#(5'4)1/$#0"#(/#1"4"-$#%'4C$/("#"4#/R+1"I#&"#$/88+$1#/#C1C#'4,(-"4&C#0"#%/4'9$"#8+)'1'B"#
8/$# (/# %/))"# BC>C1/("# 8$C)"41"I# ('C# B$/')"%D(/D("%"41# G# -4# 8$C(9B"%"41# 8$C,C$"41'"(# 0")#
8(/41")#"4#4'1$/1")#TS^fV#TN'>#qHV:#.+%8/$C#/-#)+(#4-#T8/)#0"#D+-)"#0C8+)C"#"4#)-$,/&"VI#(")#
D+-)")# "4# /D)"4&"# 05'4)"&1")# "1# &"((")# &+(+4')C")# 8/$# (/# 8(-)# ,+$1"# D'+%/))"# 05'4)"&1")# +41#
&+41$'D-C# G# -4# /88+$1# )'>4','&/1',# "4# 4'1$/1")# TbqIgdgI# 8rIrre#n# bHIgddI# 8rIrogI#
$")8"&1'B"%"41VI# '40-')/41#-4"#&6-1"# )'>4','&/1'B"#0-# $/88+$1#SbH{S^f# TbqIgdgI#8rIrre#n#
bHIgddI# 8rIrogI# $")8"&1'B"%"41V:# 24# ('%'1"# 0"# )'>4','&/1'B'1CI# (5'41"$/&1'+4# "41$"#
F406%/69D&'#"1#N9,,%$(&'#/#'4,(-"4&C#4C>/1'B"%"41#("#$/88+$1#SbH{S^f#TY/D("/-#orV:#
K'D,&'(!H^!"!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,'!0&/&(1!&/!'l30&!*)/$1',!.(!%3,!!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Variables 
 
Paramètres Estimate Std. Error t value Pr(>|t|) 
Quantité 
d’azote minéral 
 
     
Intercept 
 
16,66     2,24 7,45 1,95e-09 
 OV  
 
-0,45 0,26 -1,71    0,094 
 CE 
 
-0,15  0,26 -0,59   0,559 
 CS 
 
  -0,06 0,26 -0,24 0,813    
 Masse végétale 
 
-1,53   0,31  -4,89 1,26e-05 
 OV : CE 
 
0,06    0,08 0,76 0,450    
 OV : CS 
 
-0,08  0,08  -1,02 0,311    
 CE : CS 
 
-0,09 0,08 -1,22 0,229     
 OV : CE : CS 
 
0,08    0,04   1,80    0,078 
     
 Intercept 
 
14,51    0,81  17,89   < 2e-16 
 Masse végétale 
 
-1,57    0,30 -5,18 3,53e-06 
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A)5(1&!Sb!"!p('/0)0$!.6'l30&!*)/$1',!.(!%3,!8*5!5EH!%3,!%&2@!'(!0&1*&!.&!,6&4+$1)&/2&!&/!
-3/20)3/!.&!,'!*'%%&!J$5$0',&!%927&!.'/%!,&%!*$%323%*&%;!Z'!.13)0&!1&+1$%&/0&!,'!1$51&%%)3/!
,)/$')1&!&/01&!2&%!.&(4!J'1)'D,&%;!
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Variables 
 
Paramètres Estimate Std. Error t value Pr(>|t|) 
Rapport 
NH4/NO3 
 
     
Intercept 
 
1,64e-01   4,65e-02    3,53 <0,001 
 Masse végétale  
 
5,56e-02 6,49e-03 8,57 4,37e-11 
 OV 
 
1,62e-03 5,42e-03    0,30 0,767    
 CE 
 
-5,98e-03   5,36e-03   -1,11   0,270     
 CS 
 
3,89e-03 5,36e-03    0,73 0,472    
 OV : CE 
 
-1,06e-03 1,57e-03   -0,68 0,501     
 OV : CS 
 
-3,14e-03   1,56e-03   -2,01 0,051 
 CE : CS 
 
2,96e-04   1,58e-03    0,19 0,852   
 OV : CE : CS 
 
  1,82e-05   8,68e-04    0,02 0,983    
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4.2.3.9 Azote et carbone microbiens et lessivage du carbone 
A"# 4+%D$"# 05")89&")# 0',,C$"41")# '41$+0-'1")# 0/4)# (")# %C)+&+)%")# 45/# 8/)# "-# 05",,"1#
)'>4','&/1',# )-$# (/# 1"4"-$# "4# /R+1"# "1# "4# &/$D+4"# %'&$+D'"4)I# 4'# )-$# ("# &/$D+4"# ("))'B/D("#
TNrIrghI#8rIedh#n#NrIreqI#8rIerg#n#NrIfhdI#8rIqef#8+-$#(5/R+1"#%'&$+D'"4I#("#&/$D+4"#
%'&$+D'"4# "1# ("# &/$D+4"# ("))'B/D("I# $")8"&1'B"%"41V:# A"# &/$D+4"# ("))'B/D("# /'4)'# M-"# ("#
&/$D+4"# %'&$+D'"4# 45+41# C1C# %+0','C)# 8/$# /-&-4# 8/$/%91$"# TY/D("/-<# odI# ooV:# A5/R+1"#
%'&$+D'"4I#M-/41#G#(-'I#C1/'1#4C>/1'B"%"41#&+$$C(C#G#(/#%/))"#BC>C1/("#)9&6"#TY/D("/-#ooV#TN'>:#
qmV:#P'"4#M-"#(")#B/("-$)#%+F"44")#0"#&")#1$+')#B/$'/D(")#C1/'"41#8(-)#,/'D(")#8+-$#("#)+(#)/4)#
D+-)"# "4# )-$,/&"# M-"# 8+-$# 1+-1# /-1$"# 1$/'1"%"41I# (")# 0',,C$"4&")# 4"# )"# )+41# 8/)# /BC$C")#
)'>4','&/1'B")# TbdIfffI# 8rIoHg#n# brIhmrI# 8# rIfgq#n# bfI# 8rIrgf# 8+-$# ("# &/$D+4"#
%'&$+D'"4I#(5/R+1"#%'&$+D'"4#"1#("#&/$D+4"#("))'B/D("I#$")8"&1'B"%"41V:#W(#"4#")1#0"#%7%"#8+-$#
(/#&+%8/$/')+4#"41$"#("#%C)+&+)%"#G#)+(#4-#"1#(")#%C)+&+)%")#/B"&#(/#8(-)#,+$1"#D'+%/))"#"4#
'4)"&1")# TbrIhmI# 8rIfgq#n# bdIfffI# 8# rIoHg#n# boIrgfI# 8rIdHe# 8+-$# ("# &/$D+4"#
%'&$+D'"4I#(5/R+1"#%'&$+D'"4#"1#("#&/$D+4"#("))'B/D("I#$")8"&1'B"%"41V#
#
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K'D,&'(!=H!"!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,'!I('/0)0$!.6'l30&!*)213D)&/!.(!%3,!8r5;5EH!%3,!
%&2@!&/!-3/20)3/!.&!,'!*'%%&!J$5$0',&!%927&<!.&%!&%+92&%!&0!.&!,&(1%!)/0&1'20)3/%!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Variables 
 
Paramètres Estimate Std. Error t value Pr(>|t|) 
Quantité de 
carbone 
microbien 
 
     
 Intercept 
 
214,43     14,05  15,26    <2e-16 
 Masse végétale  
 
-2,02     1,89  -1,06 0,294     
 OV 
 
-0,12 1,64   -0,07    0,944     
 CE 
 
1,21   1,62 0,75   0,458 
 CS 
 
1,05 1,62    0,65     0,521     
 OV : CE 
 
-0,04 0,47 -0,09    0,925   
 OV : CS 
 
-0,23 0,47   -0,49     0,627 
 CE : CS 
 
-0,06    0,48   -0,12    0,902     
 OV : CE : CS 
 
  0,13    0,26   0,50     0,623     
     
 Intercept 
 
212,72   13,98 15,21   <2e-16 
 OV 
 
-0,39   1,62   -0,24     0,813     
 CE 
 
1,25 1,62    0,77 0,444     
 CS 
 
1,07    1,62    0,66   0,514     
 OV : CE 
 
    0,01 0,47    0,02   0,987     
 OV : CS 
 
-0,19    0,47  -0,39    0,696     
 CE : CS 
 
-0,15   0,47   -0,32      0,751 
 OV : CE : CS 
 
0,09    0,26   0,36         0,721     
     
Quantité d’azote 
microbien 
dans le sol 
 
     
 Intercept 
 
22,47     1,60  14,08 5,59e-16 
 Masse végétale  
 
-0,58    0,22   -2,70   0,011 
 OV 
 
-0,09 0,19   -0,47 0,641    
 CE 
 
0,23 0,18   1,26      0,216    
 CS 
 
0,16    0,18    0,86   0,397    
 OV : CE 
 
0,02     0,05    0,42    0,680     
 OV : CS 
 
-0,03     0,05  0,55    0,588     
 CE : CS 
 
-0,06     0,05   -1,08    0,285    
 OV : CE : CS 
 
  0,03     0,03    1,16    0,252    
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A)5(1&!SQ"!p('/0)0$!.6'l30&!*)213D)&/!.(!%3,!8r5;5EH!.1C!%3),@!'(!0&1*&!.&!,6&4+$1)&/2&!8Q!*3)%@!
&/!-3/20)3/!.&!,'!*'%%&!J$5$0',&!%927&!.'/%!,&%!*$%323%*&%;!Z'!.13)0&!1&+1$%&/0&!,'!
1$51&%%)3/!,)/$')1&!&/01&!,&%!.&(4!J'1)'D,&%;!
 
K'D,&'(!==!"!R'1'*901&%!.(!hZY!)/-,(&/g'/0!,'!I('/0)0$!.&!2'1D3/&!,&%%)J'D,&!.'/%!,&!%3,!
8r5;5EH!%3,!%&2@!!
8BL!"!Colobopterus erraticus!_!BO!"!Caccobius schreberi!_!aX!"!Onthophagus vacca@;!
Variables 
 
Paramètres Estimate Std. Error t value Pr(>|t|) 
Quantité de 
carbone 
lessivable 
 
     
 Intercept 
 
    113,33    3,70   30,63    <2e-16 
 Masse végétale 
 
0,57     0,50  1,13     0,265     
 OV 
 
-0,20    0,43 -0,46    0,649     
 CE 
 
0,12 0,43    0,29 0,776         
 CS 
 
-0,26 0,43  -0,60     0,553     
 OV : CE 
 
0,02     0,12   0,12     0,902     
 OV : CS 
 
-0,04 0,12  -0,33 0,739     
 CE : CS 
 
-0,02   0,13  -0,14     0,889     
 OV : CE : CS 
 
  0,04     0,07   0,57     0,574     
      
 Intercept 
 
1,14e+02   3,69e+00   30,84    <2e-16 
 OV 
 
-1,23e-01   4,28e-01   -0,29     0,776     
 CE 
 
1,11e-01   4,28e-01    0,26     0,796    
 CS 
 
-2,61e-01 4,28e-01   -0,61     0,546     
 OV : CE 
 
7,56e-04   1,25e-01    0,01     0,995     
 OV : CS 
 
-5,48e-02 1,25e-01   -0,44     0,663     
 CE : CS 
 
7,82e-03   1,25e-01    0,06          0,950     
 OV : CE : CS 
 
4,93e-02   6,85e-02    0,72          0,477     
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4.2.4!Discussion 
4.2.4.1 Méthodologie 
A/# %/))"# 0")# BC>C1/-<# M-'# /B/'"41# 8+-))C# 0/4)# (")# %C)+&+)%")# /# '41"$,C$C# )-$# -4"#
8/$1'"#0")#8/$/%91$")#0"#&+%8+)'1'+4#&6'%'M-"#0-#)+(#%")-$C)#"4#,'4#05"<8C$'"4&":#Z/4)#&")#
&+40'1'+4)I# -4# &+41$]("# )1$'&1# 8+-$# ('%'1"$# 1+-1"# 8$C)"4&"# 0"# BC>C1/-<#0/4)# (")#%C)+&+)%")#
)5/B9$"# 4C&"))/'$":# A")# 8(/41")# '4,(-"4&"41# (")# 1"4"-$)# "4# 4-1$'%"41)I# G# (/# ,+')# 8/$# ("-$)#
8$C(9B"%"41)I#8$'4&'8/("%"41#05+$'>'4"#%'4C$/("I#"1#8/$#("-$#/&1'+4#)-$#(/#D'+%/))"#+$>/4'M-"#
0-#)+(#T4+1/%%"41#/-#4'B"/-#0")#$/&'4")#/B"&#(/#8$C)"4&"#0"#D/&1C$'")V:#Z/4)#4+1$"#C1-0"I#(/#
%/))"#BC>C1/("#C1/'1#8+)'1'B"%"41#&+$$C(C"#/B"&#(")#1"4"-$)#"4#/R+1"#"1#&/$D+4"#0/4)#("#)+(#"1#
/B"&# ("# $/88+$1# SbH{S^fI# "1# 4C>/1'B"%"41# &+$$C(C"# /B"&# (")# M-/41'1C)# 05/R+1"# %'4C$/(# "1#
05/R+1"#%'&$+D'"4:# W(# /88/$/l1# 4"11"%"41#M-"# (")#BC>C1/-<I#M-'# )"# )+41#0CB"(+88C")#0/4)# (")#
%C)+&+)%")#0"#%/4'9$"#/#8$'+$'#/(C/1+'$"I#+41#8$C("BC#-4"#8/$1'"#0"#(5/R+1"#%'4C$/(I#/B"&#-4#
8$C(9B"%"41#8$C,C$"41'"(#0")#4'1$/1"):#A5/->%"41/1'+4#0-# 1/-<#05/R+1"#"1#0"#&/$D+4"#0/4)# ("#
)+(#&+$$C(C"#/B"&#-4"#8(-)#>$/40"#D'+%/))"#BC>C1/("#)"%D("#('C"#G#(/#8$C)"4&"#05/R+1"#"1#0"#
&/$D+4"#)+-)#,+$%"#+$>/4'M-"I#8$+D/D("%"41#"4#$/')+4#0"#(/#8$C)"4&"#0")#$/&'4")#0/4)#("#)+(:#
A/# &+$$C(/1'+4# 8+)'1'B"# /B"&# ("# 4+%D$"# "1# (/#%/))"# 0"# 4'0)# 8C0+1$+86'M-")# "4,+-')# 8/$# (")#
D+-)'"$)# )"%D("#8(-)#0',,'&'("# G# '41"$8$C1"$:#Y+-1",+')I# (5+D)"$B/1'+4#0"# >$/'4")# /F/41# >"$%C#
0/4)# (")# 8"(+1")# ,C&/(")# "4,+-'")# T,'>:# mqV# 1"40# G# '40'M-"$# M-"# (")# 8"(+1")# 8"-B"41# G# (/# ,+')#
/('%"41"$#(/#D/4M-"#0"#>$/'4")#"1#)"$B'$#05/88+$1)#"4#4-1$'%"41)#,/B+$')/41#(/#>"$%'4/1'+4:#
# (5'))-"# 0"# (5"<8C$'%"41/1'+4# "1# /B/41# 05",,"&1-"$# (")# /4/(F)")# &6'%'M-")I# (/# 1"$$"#
/B/'1#C1C#1/%')C"#8+-$#$"1'$"$#(")#'4)"&1")#"1#(")#8"(+1")#,C&/("):#A")#1"4"-$)#"4#4-1$'%"41)#0/4)#
("#)+(#45+41#0+4&#C1C#/,,"&1C")#8/$#&")#)+-$&")#8+))'D(")#05/R+1"#"1#&/$D+4":#A")#8"(+1")#,C&/(")#
"4,+-'")# &+4)1'1-"41# 0")# )+-$&")# 0"# 4-1$'%"41)# 1$9)# (+&/(')C")# 0/4)# ("# )+(:# y/%/0/# "1# /(:#
TorrhV# /B/'"41# 8$')# ("# 8/$1'# 0"# (")# %C(/4>"$# /-# )+(I# &"# M-'# 8"-1# /->%"41"$# (")# 1"4"-$)# "4#
4-1$'%"41)#0-#)+(:#W(#/88/$/l1#0"#&"#,/'1#0',,'&'("#0"#4"#8/)#)-$")1'%"$#TD$+F/>"#"1#%C(/4>"#/B"&#
("# )+(V# +-# )+-)@")1'%"$# T1/%')/>"# "1# C('%'4/1'+4# /B/41# 05",,"&1-"$# (")# /4/(F)")V# (5/88+$1# "4#
4-1$'%"41)#$"8$C)"41C#8/$#(")#8"(+1")#"41"$$C")#8/$#(")#,+-'))"-$):#*/$#/'(("-$)I#(")#/4/(F)")#+41#
C1C# $C/(')C")# )-$# ("# 8$"%'"$# 6+$'R+4# 0-# )+(# T':":# (")# dr# 8$"%'"$)# &"41'%91$")VI# /(+$)# M-"# (")#
+416+86/>")#"41"$$"41# (5"))"41'"(#0"# ("-$)#8"(+1")#G#-4"#8$+,+40"-$#&+%8$')"#"41$"#dr#"1#or#
&%:#W(#")1#/'4)'#8+))'D("#05/B+'$#)+-)@")1'%C#(5",,"1#0"#&"11"#")89&"#0/4)#("#)+(#"4#45/4/(F)/41#
M-"#("#8$"%'"$#6+$'R+4:##
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*/$# /'(("-$)I# y/%/0/# "1# /(:# TorrhV# +41# %+41$C# M-"# (5/->%"41/1'+4# 0"# (/# 0"4)'1C# 0"#
D+-)'"$)#,+-'))"-$)#"41$/l4/'1#-4"#0')8/$'1'+4#8(-)#$/8'0"#0"#(/#0CE"&1'+4I#/&&+%8/>4C"#8/$#-4#
1$/4),"$1#8(-)#'%8+$1/41#0"#4-1$'%"41):#Z/4)#4+1$"#C1-0"I#("#4+%D$"#05'40'B'0-)#/#C1C#,'<C#09)#
(5+$'>'4"# Tdo# '40'B'0-)VI# &"# M-'# /# 8"$%')# 0"# ,/'$"# B/$'"$# (/# D'+%/))"# "4# ,+4&1'+4# 0")#
/$$/4>"%"41)# 05")89&")# TY/D("/-# eV:# ."11"# D'+%/))"# ")1# ,+$1"%"41# &+$$C(C"# G# (/# 8"$1"# 0"#
%/1'9$"#+$>/4'M-"#0")#D+-)")I#&"#M-'#)'>4','"#M-"#(5'41"4)'1C#0"#("-$#0C>$/0/1'+4#0C8"40#0"#(/#
%/))"#0")#'4)"&1")#8$C)"41):#."#$C)-(1/1#&+4,'$%"#M-5'(#")1#4C&"))/'$"#0"#8$"40$"#"4#&+%81"#&"#
8/$/%91$"# 0/4)# (")# C1-0")# )-$# ("# ('"4# "41$"# 0'B"$)'1C# "1# ,+4&1'+44"%"41# T^}b"/# "1# /(:I# ordrn#
K"'))#"1#/(:I#orddV:#
#
4.2.4.2 Fonctions écologiques 
 
Disparition des bouses 
S+1$"#C1-0"#/#%+41$C#M-"#&5")1#(5'0"41'1C#0")#")89&")#"1#)-$1+-1#("-$)#1$/'1)#0"#B'"#M-'#
'4,(-"4_/'"41#(/#0')8/$'1'+4#0")#D+-)")#8(-1]1#M-"#(/#0'B"$)'1C#0/4)#(")#/))"%D(/>"):#."$1/'4")#
C1-0")# +41#%+41$C# M-"# (5",,"1# 0"# (/# $'&6"))"# )8C&','M-"# )-$# ("# ,+4&1'+44"%"41# 0-# )+(# 4"# )"#
,/')/'1# )"41'$# M-5"4# &/)# 0"# 8"$1-$D/1'+4# T8$C)"4&"# 0"#%+(C&-(")# 1+<'M-")#0/4)# (")# 0CE"&1'+4)#
/8$9)# -4# 1$/'1"%"41# BC1C$'4/'$"I# 8/$# "<"%8("V# +-# (+$)# 0"# &+40'1'+4)# "4B'$+44"%"41/(")#
('%'1/41")#T8/$#"<"%8("#6-%'0'1C#0-#)+(V#TP"F4+4#"1#/(:I#ordon#.+((')+4#"1#/(:I#ordfV:##
F406%/69D&'!?9,,9I#(/#8(-)#>$+))"#")89&"#1")1C"I#/#("#8(-)#8/$1'&'8C#G#(/#0')8/$'1'+4#0")#
D+-)"):# N%-%$%/0#)&'! #))90(,&'# F# /# C>/("%"41# 8/$1'&'8CI# %/')# 0/4)# -4"# %+'40$"# %")-$":#
."8"40/41I# /-&-4"# '41"$/&1'+4# '41"$)8C&','M-"# 45/# 8-# 71$"# 0C1"&1C"# "41$"# (")# ")89&")# "4#
8$C)"4&"I#&+41$/'$"%"41#G#(5C1-0"#0"#^5b"/#"1#/(:# TordrV#M-'#/B/'1#%+41$C#0")#",,"1)#8+)'1',)#
T"41$"# %+-&6")# "1# B"$)VI# 4C>/1',)# T"41$"# D+-)'"$)# "1# B"$)V# "1# 4"-1$")# T"41$"# %+-&6")# "1#
D+-)'"$)V:##
#
A/#%")-$"#0-#1/-<#0"#0')8/$'1'+4#0")#D+-)")#4"#0+'1#8$"40$"#"4#&+%81"#M-"#(/#8"$1"#0"#
(/# %/1'9$"# +$>/4'M-"# "1# 4+4# (/# 8"$1"# 0"# %/1'9$"# 0/4)# )/# >(+D/('1C:# ^a"4# "1# /(:# TorrqV# +41#
4+1/%%"41# +D)"$BC# M-5"4# 8$C)"4&"# 0"# D+-)'"$)# (/# %/))"# 0")# 0CE"&1'+4)# T8+'0)# )"&V# C1/'1#
)-8C$'"-$"#G#&"(("#%")-$C"#"4#/D)"4&"#05'4)"&1")I#"4#$/')+4#"))"41'"(("%"41#0"#(5'4&+$8+$/1'+4#
8/$#(")#'4)"&1")#0"#8/$1'&-(")#0"#)+(#T1"$$"#8$+B"4/41#0"#(5"<&/B/1'+4#0")#4'0)#8C0+1$+86'M-")I#
8/$#"<"%8("V:#S+)#$C)-(1/1)#+41#%+41$C#M-"#(/#,$/&1'+4#%'4C$/("#0")#0CE"&1'+4)#C1/'1#&+$$C(C"#
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/B"&# ("# 4+%D$"# 05F406%/69D&'! ?9,,9# 8$C)"41):# */$%'# (")# 1$+')# ")89&")# -1'(')C")I# &"(("@&'#
&+41$'D-"# 0+4&# %/E+$'1/'$"%"41# G# (5'4&+$8+$/1'+4# 0"# 8/$1'&-(")# 0"# )+(# 0/4)# (/# 0CE"&1'+4I#
8$+D/D("%"41#"4#$/')+4#0"#)/#8(-)#,+$1"#/&1'B'1C#,+-'))"-)"#('C"#G#)/#8(-)#>$/40"#1/'((":#^4#8"-1#
/(+$)# )-88+)"$# M-"# 8(-)# (")# 8"(+1")# ,C&/(")# )+41# "4,+-'")# 8$+,+40C%"41I# 8(-)# (")# >/("$'")#
05/&&9)# )+41# (+4>-")# "1# 0+4&# 8(-)# (/# M-/41'1C# 0"# 1"$$"# $"E"1C"# "4# )-$,/&"# "1# '4&+$8+$C"# G# (/#
0CE"&1'+4# ")1# '%8+$1/41":# P'"4# M-"# (")# $C)-(1/1)# )-$# (")# %")-$")# 0"# (/# ,$/&1'+4# %'4C$/("#
'4&+$8+$C"#0/4)# (")#0CE"&1'+4)# )+'"41# G# (/# ('%'1"#0"# (/# )'>4','&/1'B'1CI#F406%/69D&'! ?9,,9# "1#
N%-%$%/0#)&'!#))90(,&'#,+41#8$"-B"#05-4"#'41"$/&1'+4#8+)'1'B"#"4#$/')+4#0"#(/#&+%8(C%"41/$'1C#
0"# ("-$)# 1$/'1)# 0"# B'"# T"4,+-'))"%"41# "4# 8$+,+40"-$# 8+-$# F406%/69D&'# n# 1$/B/'(# 0-# )+(# G#
(5'41"$,/&"#)+(@0CE"&1'+4#8+-$#N%-%$%/0#)&'V:#*+-$#/-1/41I#("#8/$/%91$"#$'&6"))"#)8C&','M-"#4"#
%+41$"#8/)#05",,"1#)'>4','&/1',:#A5'4&+$8+$/1'+4#0"#8/$1'&-(")#0"#1"$$"#0/4)#(")#0CE"&1'+4)I#('C"#G#
(5"4,+-'))"%"41#0")#8"(+1")#,C&/(")I#0C8"40#0+4&#8(-)#'&'#0"#(5'0"41'1C#0")#")89&")#"1#0"#("-$#
1/'(("# TM-'# )"# $C8"$&-1"# )-$# (/# D'+%/))"# 0")# D+-)'"$)V# M-"# 0-# 8/$/%91$"# 0'B"$)'1C# 0"#
(5/))"%D(/>"#T&5")1@G@0'$"#("#4+%D$"#05")89&")#+"-B$/41#"4)"%D("V#TN'>:#qqI#qhI#qgV:####
#
#
A)5(1&!SS!"!R3(12&/0'5&!*3C&/!.&!+&10&!8+3).%!%&2@!.&!*'0)91&!315'/)I(&!.&%!D3(%&%!8+3(1!
27'I(&!*$%323%*&@!&/!-3/20)3/!.&!,'!D)3*'%%&!.&%!)/%&20&%!-3()%%&(1%!.'/%!,&%!
*$%323%*&%!8*5@!81$51&%%)3/!,)/$')1&!"!#
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!
A)5(1&!SU"!K&/&(1!&/!*'0)91&!*)/$1',&!*3C&//&!.&%!D3(%&%!8+3(1!27'I(&!*$%323%*&@!&/!
-3/20)3/!.&!,'!D)3*'%%&!.&%!)/%&20&%!-3()%%&(1%!.'/%!,&%!*$%323%*&%!8*5@!81$51&%%)3/!
,)/$')1&!"!#
=!
]!><US^@;!
 
!!
A)5(1&!SV"!Y'%%&!*3C&//&!8+3).%!%&2@!.&%!/).%!&/-3()%!+'1!,&%!)/%&20&%!85@!8+3(1!27'I(&!
*$%323%*&@!&/!-3/20)3/!.&!,&(1!D)3*'%%&!.'/%!,&%!*$%323%*&%!81$51&%%)3/!,)/$')1&!"!#
=!
]!
><V?S@;!
#
Dispersion secondaire des graines 
A")#0CE"&1'+4)#8"-B"41#71$"#0'$"&1"%"41#)+-$&"#0"#0')8"$)'+4#0"#>$/'4")#+-#,/B+$')"$#(/#
>"$%'4/1'+4#0"#&"$1/'4")#")89&")#BC>C1/(")#0CEG#8$C)"41")#0/4)#(/#D/4M-"#0"#>$/'4")#0-#)+(#"4#
/%C('+$/41#(")#&+40'1'+4)#"4B'$+44"%"41/(")#/))+&'C")#T6-%'0'1CI#4-1$'%"41)V#TZ/'I#orrrV:#A/#
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0')8"$)'+4# )"&+40/'$"# 0")# >$/'4")# ")1# ",,"&1-C"# 8/$# (")# '4)"&1")# (+$)# 0"# (5"4,+-'))"%"41# 0")#
8"(+1")#,C&/("):#3$`&"#G#(5/&1'B'1C#0")#,+-'))"-$)I# (")#>$/'4")#8$C)"41")#0/4)#(")#0CE"&1'+4)#)"#
$"1$+-B"41#/(+$)#"41"$$C")#0/4)# (")#8"(+1")# $'&6")#"4#4-1$'%"41)# )+-)# (")#0CE"&1'+4)#0/4)#0")#
&+40'1'+4)# ,/B+$/D(")# G# ("-$# >"$%'4/1'+4# TQ40$")"4# p# A"B"FI# orrHV:# Z/4)# (")# $C>'+4)#
1$+8'&/(")I# (5"4,+-'))"%"41#0")#>$/'4")#8/$# (")#D+-)'"$)#&+41$'D-"41#4+1/%%"41#G# CB'1"$# ("-$#
8$C0/1'+4#8/$#(")#>$/4'B+$")#"1# ("-$#'4,"&1'+4#8/$#0")#8/16+>94")#T2)1$/0/#p#.+/1")@2)1$/0/I#
deedn#.6/%D"$)#p#;/&;/6+4I#deeHn#=6"86"$0#p#.6/8%/4I#deegn#Q40$")"4#p#A"B"FI#orrHn#
S'&6+()#"1#/(:I#orrgn#P"/-4"#"1#/(:I#ordoV:#Z/4)#4+1$"#C1-0"I#4+-)#/B+4)#4+1/%%"41#+D)"$BC#
-4"# >$/'4"# /F/41# >"$%C# G# (5'41C$'"-$# 05-4"# 8"(+1"# ,C&/("# TN'>:# mqV:# P'"4# M-"# (5+4# 8-'))"#
0',,'&'("%"41#"4#0C0-'$"#-4"#$9>("#>C4C$/("I#(5"4,+-'))"%"41#0")#8"(+1")#,C&/(")#8"-1#,/B+$')"$#
(/# >"$%'4/1'+4# 0"# >$/'4")# M-'# 45/-$/'"41# 8/)# C1C# 0'>C$C")# (+$)# 0"# ("-$# 8/))/>"# 0/4)# ("# 1-D"#
0'>")1',# 0")# /4'%/-<:# 24#%'('"-# 1"%8C$CI# "4# $/')+4# 0-# ,/'D("# 4+%D$"# 0"# $+-("-$)# "1# 0"# (/#
8$C)"4&"#0"#,+-'))"-$)#&+4)1'1-/41#0")#4'0)#1$9)#8$+,+40)#T3"+1$-8")VI#(")#D+-)'"$)#4"#)+41#8/)#
&+4)'0C$C)#&+%%"#0")#+$>/4')%")#1$9)#8"$,+$%/41)#8+-$#(/#)/-B">/$0"#0")#>$/'4")# TZ56+401#
"1#/(:I#orrgV:#A5C1-0"#0"#&"11"#0')8"$)'+4#)"&+40/'$"#4C&"))'1"#0+4&#-4#8$+1+&+("#8/$1'&-('"$#)'#
(5+4#B"-1#,/'$"#-4#)-'B':#Q#(/#B-"#0")#$C)-(1/1)#&+41$/0'&1+'$")#"41$"#%'('"-#1$+8'&/(#"1#1"%8C$CI#
'(#")1#,+$1"%"41#8$+D/D("#M-"#(")#1$/'1)#0")#0',,C$"41")#")89&")#&+40'1'+44"41#(/#$C/(')/1'+4#0"#
&"11"#,+4&1'+4#C&+(+>'M-":#
#
Recyclage des nutriments 
Effet des déjections  
S+1$"# C1-0"# /# %+41$C# M-"# (")# 0CE"&1'+4)# &+4)1'1-/'"41# -4# /88+$1# '%8+$1/41# "4#
4-1$'%"41)#8+-$#("#)+(#)+-)@E/&"41:#3(+D/("%"41I#(")#0CE"&1'+4)#/4'%/(")#$"8$C)"41"41#-4#,(-<#
1$9)# '%8+$1/41#0"#4-1$'%"41)#"1#0"#%/1'9$"#+$>/4'M-"I# $"8$C)"41/41#oqx#0"# (5/R+1"# '4>C$C# "1#
dmx#0"# (/#%/1'9$"# )9&6"# '4>C$C"# TA/4_+4I# dehgn#b/F4")#p#O'(('/%)I# deefV:#24#%+F"44"I#
&6"R#(")#D+B'4)#(/#1"4"-$#"4#/R+1"#0")#D+-)")#$"8$C)"41"#"41$"#o#"1#oIgx#0"#(/#M-/41'1C#1+1/("#
0"#%/1'9$"#)9&6"#T;=V#Tb/F4")#p#O'(('/%)I#deefV:#A")#8+-$&"41/>")#05/R+1"#%")-$C)#0/4)#
(")# 0CE"&1'+4)# /-# 1"$%"# 0"# 4+1$"# C1-0"# C1/'"41# 0-# %7%"# +$0$"# 0"# >$/40"-$# T%+F"44")#
&+%8$')")#"41$"#dIeh#"1#oIhgxV:#Z/4)#4+1$"#C1-0"I#4+-)#/B+4)#%+41$C#M-"#(")#D+-)")#/B/'"41#
8"$%')#(5/->%"41/1'+4#0"#(/#1"4"-$#"4#4'1$/1")#0/4)#("#)+(#)+-)@E/&"41:##
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A5/R+1"# 0/4)# (")# 0CE"&1'+4)# )"# 1$+-B"# 8$'4&'8/("%"41# )+-)# -4"# ,+$%"# +$>/4'M-"I#
8$+B"4/41# 0"# (5/R+1"# 05+$'>'4"# /('%"41/'$"# 4+4# /))'%'(CI# 0"# %'&$++$>/4')%")# "1# 0"# (5/R+1"#
05+$'>'4"# "40+>94"# T0")M-/%/1'+4)I# )C&$C1'+4)# 0'>")1'B")# 4+4# $C/D)+$DC")V# T*"F$/-0# "1# /(:I#
deemn#P(++$#"1#/(:I#ordoV:#A+$)#0"#(/#0C&+%8+)'1'+4#'4'1'/("#0")#0CE"&1'+4)I#-4"#,/'D("#M-/41'1C#
05/R+1"# )"# B+(/1'(')"# )+-)# ,+$%"# 0"# Sbf# Tb/F4")# p#O'(('/%)I# deefV:# 24# 8/$/((9("I# (5/R+1"#
+$>/4'M-"# 0")# D+-)")# ")1# %'4C$/(')C# 8/$# (")# %'&$++$>/4')%")I# ('DC$/41# 0")# M-/41'1C)#
'%8+$1/41")# 05/R+1"# %'4C$/(I# 4+1/%%"41# )+-)# ,+$%"# 0"# 4'1$/1"):# *-')M-"# (/# B'1"))"# 0"#
%'4C$/(')/1'+4#0"#(5/R+1"#+$>/4'M-"#")1#("41"I#("#("))'B/>"#0")#4'1$/1")#0")#0CE"&1'+4)#")1#,/'D("I#
/B"&# 8+1"41'"(("%"41# /&&-%-(/1'+4# 05/R+1"# %'4C$/(# /-# &+-$)# 0-# 1"%8)# TO/&6"40+$,# "1# /(:I#
orrgn# P(++$# "1# /(:I# ordoV:# S+-)# /B+4)#%+41$C# C>/("%"41# M-"# (/# 8$C)"4&"# 0")# D+-)")# /B/'1#
"41$/'4C#(5/->%"41/1'+4#0")#1"4"-$)#"4#/R+1"#"1#&/$D+4"#%'&$+D'"4)#0/4)#("#)+(I#,/B+$')/41#(/#
0')8/$'1'+4# 0"# (/# ('1'9$"# 0"# ,"-'((")# 8/$# )1'%-(/1'+4# 0")# %'&$+@+$>/4')%"):# A5/R+1"# %'4C$/(#
8$+0-'1# ")1# /'4)'# 0')8+4'D("# 8+-$# (")# 8(/41")I# %/')# C>/("%"41# 8+-$# (")# 8+8-(/1'+4)#
%'&$+D'"44"):# A")# 0CE"&1'+4)# /4'%/(")# 4"# &+4)1'1-"41# 0+4&# 8/)# )"-("%"41# -4"# $"))+-$&"#
/('%"41/'$"#8+-$#(")#D+-)'"$)I#%/')#"((")#)+41#C>/("%"41#-4"#)+-$&"#'%8+$1/41"#05/R+1"#"1#0"#
&/$D+4"#8+-$#(")#%'&$+@+$>/4')%")#0-#)+(:##
A/#M-/41'1C#0"#&/$D+4"# ("))'B/D("#%")-$C"#0/4)# ("#)+(# "41$"#r#"1#dr#&%I#/-# 1"$%"#0"#
4+1$"#C1-0"I#C1/'1#8(-)#'%8+$1/41"#(+$)M-5-4"#0CE"&1'+4#C1/'1#"4#)-$,/&":#Y+-1",+')I#(/#1"4"-$#"4#
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4.3!Conclusion 
P'"4# M-"# (5/&1'+4# 0")# D+-)'"$)# 45/'1# 8/)# C1C# /-))'# >$/40"# M-"# &"# M-"# (5+4# 8+-B/'1#
)5/11"40$"I#(")#1$/B/-<#"4#%C)+&+)%")#+41#8"$%')#0"#0CB"(+88"$#-4"#D+44"#/(1"$4/1'B"#"41$"#
(/D+$/1+'$"#"1#&6/%8:#A5C1-0"#%+4+)8C&','M-"#/#%+41$C#M-"#(5+4#/B/'1#-4"#&+$$C(/1'+4#8+)'1'B"#
"41$"#-4"#/->%"41/1'+4#0")#",,"&1',)#0")#D+-)'"$)#"1#(/#0'%'4-1'+4#0"#%/1'9$"#0")#D+-)")#%/')#
/-))'#0"#(/#('1'9$"#"4,+-'"#0/4)#("#)+(:#.")#",,"1)#'40'$"&1)#)-$#(/#('1'9$"#0-#)+(#4C&"))'1"$/'"41#0"#
8(-)# /%8(")# '4B")1'>/1'+4)# &/$# '(# )5/>'1# 0"# (/# 8$"%'9$"# C1-0"# )-$# ("# )-E"1:# A5C1-0"#
8(-$')8C&','M-"# /# %')# "4# B/("-$# (")# 0',,C$"4&")# ,+4&1'+44"((")# 0")# ")89&"):# A")# ")89&")#
,+-'))"-)")# &+41$'D-"41# '4C>/("%"41# G# (/# 0')8/$'1'+4# 0")# D+-)")# "1# /-<# 1$/4),"$1)# 0")#
4-1$'%"41)# B"$)# ("# )+(:# F406%/69D&'! ?9,,9I# (5")89&"# (/# 8(-)# >$+))"I# /# %+41$C# 0"# ,+$1")#
&/8/&'1C)#0"#4'0','&/1'+4#"1#0+4&#05C&6/4>")#"41$"#(/#D+-)"#"1#("#)+(:#A/#1/'(("#0-#&+$8)#")1#-4#
,/&1"-$#&(C#&+41$](/41# (}",,'&/&'1C#0}C('%'4/1'+4#0")#0CE"&1'+4)#0/4)#(")#/))"%D(/>")#%+4+#+-#
8(-$')8C&','M-")#TS"$B+#"1#/(:I#ordHV:#A")#&+4&"41$/1'+4)#"4#4-1$'%"41)#0-#)+(#C1/'"41#1+-1",+')#
8"-#'4,(-"4&C")#8/$#(/#8$C)"4&"#0")#'4)"&1"):#U4"#"<8('&/1'+4#"4B')/>C"#8"-1#71$"#(/#4+4#8$')"#
"4#&+%81"#0")#8"(+1")#,C&/("):#24#(")#$"1'$/41#0-#)+(#(+$)#0"#(5C1-0"I#(")#1"4"-$)#"4#4-1$'%"41)#
+41#0+4&#8-#71$"#)+-)@")1'%C"):#W(#/88/$/l1#0+4&#M-"#(")#'4)"&1")#+41I#0/4)#-4#8$"%'"$#1"%8)I#
-4# '%8/&1# 1$9)# (+&/(')C# )-$# (/# $C8/$1'1'+4#0")#4-1$'%"41)#0/4)# ("# )+(:#Z")# C1-0")# G#8(-)# (+4>#
1"$%"#8+-$$/'"41#%'"-<#/88$C6"40"$# (5'41C>$/1'+4#0")#8"(+1")# ,C&/(")# /-# )+(# "1# (")# 1$/4),"$1)#
/))+&'C):#####
#
#
#
#
#
#
#
#
#
#
 175 
 
5! Conclusion générale 
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Références 
Aarons, S.R., O'Connor, C.R. & Gourley, C.J.P., 2004. Dung decomposition in temperate dairy 
pastures - I. Changes in soil chemical properties. Australian Journal of Soil Research 42: 107-114. 
Aarons, S.R., O'Connor, C.R., Hosseini, H.M. & Gourley, C.J.P., 2009. Dung pads increase pasture 
production, soil nutrients and microbial biomass carbon in grazed dairy systems. Nutrient Cycling in 
Agroecosystems 84: 81-92. 
Allison, S.D., 2006. Brown ground: a soil carbon analogue for the green world hypothesis? The 
American Naturalist 167: 619-627. 
Alvinerie, M., Sutra, J.F., Galtier, P., Lifschitz, A., Virkel, G., Sallovitz, J. & Lanusse, C., 1999. 
Persistence of ivermectin in plasma and faeces following administration of a sustained-release bolus 
to cattle. Research in Veterinary Science 66: 57-61. 
Amano, K., 1983. Studies on the intraspecific competition in dung-breeding flies. I. Effects of larval 
density on yellow dung fly, Scatophaga stercoraria L.(Diptera: Scatophagidae). Japanese Journal of 
Sanitary Zoology 34: 165-175. 
Anderson, J. & Coe, M., 1974. Decomposition of elephant dung in an arid, tropical environment. 
Oecologia 14: 111-125. 
Anderson, J.R., Merritt, R.W. & Loomis, E.C., 1984. The insect-free cattle dropping and its 
relationship to increased dung fouling of rangeland pastures. Journal of Economic Entomology 77: 
133-141. 
Andresen, E., 2003. Effect of forest fragmentation on dung beetle communities and functional 
consequences for plant regeneration. Ecography 26: 87-97. 
Andresen, E. & Laurance, S.G.W., 2007. Possible indirect effects of mammal hunting on dung beetle 
assemblages in Panama. Biotropica 39: 141-146. 
Andresen, E. & Levey, D.J., 2004. Effects of dung and seed size on secondary dispersal, seed 
predation, and seedling establishment of rain forest trees. Oecologia 139: 45-54. 
Andrew, N. & Halley, B., 1996. Stability of ivermectin in rumen fluids. Journal of veterinary 
pharmacology and therapeutics 19: 295-299. 
Andrewartha, H.G. & Birch, L.C., 1954. Andrewartha, H.G. & Birch, L.C., 1954. The distribution and 
abundance of animals. University of Chicago Press. 
Armsworth, P.R., Chan, K.M.A., Daily, G.C., Ehrlich, P.R., Kremen, C., Ricketts, T.H. & Sanjayan, 
M.A., 2007. Ecosystem-service science and the way forward for conservation. Conservation Biology 
21: 1383-1384. 
Ashe, J.S., 1990. Natural history, development and immatures of Pleurotobia tristigmata 
(Erichson)(Coleoptera: Staphylinidae: Aleocharinae). The Coleopterists' Bulletin 44: 445-460. 
Atkinson, W. & Shorrocks, B., 1984. Aggregation of larval Diptera over discrete and ephemeral 
breeding sites: the implications for coexistence. American Naturalist 124: 336-351. 
Balvanera, P., Pfisterer, A.B., Buchmann, N., He, J.-S., Nakashizuka, T., Raffaelli, D. & Schmid, B., 
2006. Quantifying the evidence for biodiversity effects on ecosystem functioning and services. 
Ecology Letters 9: 1146-1156. 
Bang, H., Lee, J., Kwon, O., Na, Y., Jang, Y. & Kim, W., 2005. Effects of paracoprid dung beetles 
(Coleoptera : Scarabaeidae) on the growth of pasture herbage and on the underlying soil. Applied 
Soil Ecology 29: 165-171. 
Baraud, J., 1992. Coléoptères Scarabaeoidea d'Europe. Faune de France 78, Fédération française des 
Sociétés de Sciences naturelles, Paris, & Société linéenne de Lyon, Lyon. 870 pages. 
Bardgett, R.D., Keiller, S., Cook, R. & Gilburn, A.S., 1998. Dynamic interactions between soil animals 
and microorganisms in upland grassland soils amended with sheep dung: A microcosm experiment. 
Soil Biology & Biochemistry 30: 531-539. 
Beaune, D., Bollache, L., Bretagnolle, F. & Fruth, B., 2012. Dung beetles are critical in preventing 
post-dispersal seed removal by rodents in Congo rain forest. Journal of Tropical Ecology 28: 507-510. 
 180 
 
Beaver, R., 1977. Non-equilibriumisland'communities: Diptera breeding in dead snails. The Journal of 
Animal Ecology 46: 783-798. 
Berendsen, B.J., Mulder, P.P. & van Rhijn, H., 2007. The derivatisation of avermectins and 
milbemycins in milk: new insights and improvement of the procedure. Analytica chimica acta 585: 
126-133. 
Bertone, M.A., 2004. Dung beetles (Coleoptera: Scarabaeidae and Geotrupidae) of North Carolina 
cattle pastures and their implications for pasture improvement. 
Beynon, S.A., Mann, D.J., Slade, E.M. & Lewis, O.T., 2012. Species-rich dung beetle communities 
buffer ecosystem services in perturbed agro-ecosystems. Journal of Applied Ecology 49: 1365-1372. 
Bishop, A.L., McKenzie, H.J., Spohr, L.J. & Barchia, I.M., 2005. Interactions between dung beetles 
(Coleoptera : Scarabaeidae) and the arbovirus vector Culicoides brevitarsis Kieffer (Diptera : 
Ceratopogonidae). Australian Journal of Entomology 44: 89-96. 
Blanchart, E., Albrecht, A., Brown, G., Decaens, T., Duboisset, A., Lavelle, P., Mariani, L. & Roose, E., 
2004. Effects of tropical endogeic earthworms on soil erosion. Agriculture, ecosystems & 
environment 104: 303-315. 
Blanckenhorn, W.U., 1997. Altitudinal life history variation in the dung flies Scathophaga stercoraria 
and Sepsis cynipsea. Oecologia 109: 342-352. 
Blanckenhorn, W.U., Morf, C. & Reuter, M., 2000. Are dung flies ideal-free distributed at their 
oviposition and mating site? Behaviour 137: 233-248. 
Blanckenhorn, W.U., Puniamoorthy, N., Schafer, M.A., Scheffczyk, A. & Roembke, J., 2013a. 
Standardized laboratory tests with 21 species of temperate and tropical sepsid flies confirm their 
suitability as bioassays of pharmaceutical residues (ivermectin) in cattle dung. Ecotoxicology and 
Environmental Safety 89: 21-28. 
Blanckenhorn, W.U., Puniamoorthy, N., Scheffczyk, A. & Roembke, J., 2013b. Evaluation of eco-
toxicological effects of the parasiticide moxidectin in comparison to ivermectin in 11 species of dung 
flies. Ecotoxicology and Environmental Safety 89: 15-20. 
Bloor, J.M.G. & Bardgett, R.D., 2012. Stability of above-ground and below-ground processes to 
extreme drought in model grassland ecosystems: Interactions with plant species diversity and soil 
nitrogen availability. Perspectives in Plant Ecology Evolution and Systematics 14: 193-204. 
Bloor, J.M.G., Jay-Robert, P., Le Morvan, A. & Fleurance, G., 2012. Déjections des herbivores 
domestiques au pâturage: caractéristiques et rôle dans le fonctionnement des prairies. Productions 
Animales 25: 45-56. 
Blume, R., Matter, J. & Eschle, J., 1973. Onthophagus gazella: effect on survival of horn flies in the 
laboratory. Environmental entomology 2: 811-814. 
Bol, R., Amelung, W., Friedrich, C. & Ostle, N., 2000. Tracing dung-derived carbon in temperate 
grassland using< sup> 13</sup> C natural abundance measurements. Soil Biology and Biochemistry 
32: 1337-1343. 
Bornemissza, G., 1960. Could dung eating insects improve our pastures? Journal of the Australian 
Institute of Agricultural Science 26: 54-56. 
Bornemissza, G., 1970. Insectary studies on the control of dung breeding flies by the activity of the 
dung beetle, Onthophagus gazella F.(Coleoptera: Scarabaeinae). Australian Journal of Entomology 9: 
31-41. 
Bornemissza, G., 1976. Australian dung beetle project, 1965-1975. AMRC Rev Aust Meat Res Comm. 
Bornemissza, G. & Williams, C., 1970. An effect of dung beetle activity on plant yield. Pedobiologia 
10: 1-7. 
Boxall, A.B.A., Fogg, L.A., Blackwell, P.A., Kay, P. & Pemberton, E.J., 2002. Review of veterinary 
medicines in the environment. Environment Agency. 
Boxall, A.B.A., Fogg, L.A., Blackwell, P.A., Kay, P., Pemberton, E.J. & Croxford, A., 2004. Veterinary 
medicines in the environment. Reviews of Environmental Contamination and Toxicology, Vol 180 
180: 1-91. 
 181 
 
Braga, R.F., Korasaki, V., Andresen, E. & Louzada, J., 2013. Dung beetle community and functions 
along a habitat-disturbance gradient in the Amazon: a rapid assessment of ecological functions 
associated to biodiversity. PloS one 8: e57786. 
Breymeyer, A., Jakubczyk, H. & Olechowicz, E., 1975. Influence of coprophagous arthropods on 
microorganisms in sheep feces--laboratory investigations. Bulletin de l'Académie polonaise des 
sciences. Série des sciences biologiques 23: 257-262. 
Brook, B.W., Sodhi, N.S. & Bradshaw, C.J.A., 2008. Synergies among extinction drivers under global 
change. Trends in Ecology & Evolution 23: 453-460. 
Brookes, P.C., Landman, A., Pruden, G. & Jenkinson, D.S., 1985. Chloroform fumigation and the 
release of soil-nitrogen - a rapid direct extraction method to measure microbial biomass nitrogen in 
soil. Soil Biology & Biochemistry 17: 837-842. 
Brown, J., Scholtz, C.H., Janeau, J.-L., Grellier, S. & Podwojewski, P., 2010. Dung beetles 
(Coleoptera: Scarabaeidae) can improve soil hydrological properties. Applied Soil Ecology 46: 9-16. 
Brunke, A., Newton, A., Klimaszewski, J., Majka, C. & Marshall, S., 2011. Staphylinidae of eastern 
Canada and adjacent United States. Key to subfamilies: Staphylininae: tribes and subtribes, and 
species of Staphylinina. Canadian Journal of Arthropod Identification 12: 1-110. 
Bruno, J.F. & Cardinale, B.J., 2008. Cascading effects of predator richness. Frontiers in Ecology and 
the Environment 6: 539-546. 
Bruno, J.F., Lee, S.C., Kertesz, J.S., Carpenter, R.C., Long, Z.T. & Duffy, J.E., 2006. Partitioning the 
effects of algal species identity and richness on benthic marine primary production. Oikos 115: 170-
178. 
Brussaard, L. & Slager, S., 1986. The influence of soil bulk density and soil moisture on the habitat 
selection of the dung beetleTyphaeus typhoeus in the Netherlands. Biology and fertility of soils 2: 51-
58. 
Brühl, C.A., Neumann, P., Aldershof, S., Bohan, D., Brown, K., Candolfi, M., Geiger, F., 
Kovalkovicová, N., Kula, C. & Nienstedt, K., 2012. Recovery. Pp 39-41. Linking non-target arthropod 
testing and risk assessment with protection goals. Society of Environmental Toxicology and 
Chemistry.  
Byford, R.L., Craig, M.E. & Crosby, B.L., 1992. A review of ectoparasites and their effect on cattle 
production. Journal of Animal Science 70: 597-602. 
Campbell, W.C., 1989. Ivermectin and abamectin. Springer-Verlag New York. 
Canga, A., Prieto, A., Liebana, M., Martinez, N., Vega, M. & Vieitez, J., 2009. The pharmacokinetics 
and metabolism of ivermectin in domestic animal species. Veterinary Journal 179: 25-37. 
Cardinale, B.J., Palmer, M.A. & Collins, S.L., 2002. Species diversity enhances ecosystem functioning 
through interspecific facilitation. Nature 415: 426-429. 
Cardinale, B.J., Srivastava, D.S., Duffy, J.E., Wright, J.P., Downing, A.L., Sankaran, M. & Jouseau, C., 
2006. Effects of biodiversity on the functioning of trophic groups and ecosystems. Nature 443: 989-
992. 
Cardinale, B.J., Wright, J.P., Cadotte, M.W., Carroll, I.T., Hector, A., Srivastava, D.S., Loreau, M. & 
Weis, J.J., 2007. Impacts of plant diversity on biomass production increase through time because of 
species complementarity. Proceedings of the National Academy of Sciences of the United States of 
America 104: 18123-18128. 
Celestina, T., Kolar, L., Gobec, I., Kuzner, J., Flajs, V., Pogacnik, M. & Erzen, N., 2010. Factors 
influencing dissipation of avermectins in sheep faeces. Ecotoxicology and Environmental Safety 73: 
18-23. 
Chambers, J.C. & MacMahon, J.A., 1994. A day in the life of a seed: movements and fates of seeds 
and their implications for natural and managed systems. Annual Review of Ecology and Systematics 
25: 263-292. 
Chapin, F.S., Walker, B.H., Hobbs, R.J., Hooper, D.U., Lawton, J.H., Sala, O.E. & Tilman, D., 1997. 
Biotic control over the functioning of ecosystems. Science 277: 500-504. 
 182 
 
Chapin, F.S., Zavaleta, E.S., Eviner, V.T., Naylor, R.L., Vitousek, P.M., Reynolds, H.L., Hooper, D.U., 
Lavorel, S., Sala, O.E., Hobbie, S.E., Mack, M.C. & Diaz, S., 2000. Consequences of changing 
biodiversity. Nature 405: 234-242. 
Chesson, P.L., 1986. Environmental variation and the coexistence of species. Community ecology. 
Harper and Row, New York, NY Chapter 14: 240-256. 
Collison, E., Riutta, T. & Slade, E., 2013. Macrofauna assemblage composition and soil moisture 
interact to affect soil ecosystem functions. Acta Oecologica 47: 30-36. 
Connell, J.H. & Slatyer, R.O., 1977. Mechanisms of succession in natural communities and their role 
in community stability and organization. American Naturalist 111: 1119-1144. 
Cook, D.F., 1991. Ovarian development in females of the Australian sheep blowfly Lucilia cuprina 
(Diptera, Calliphoridae) fed on sheep feces and the effect of ivermectin residues. Bulletin of 
Entomological Research 81: 249-256. 
Costanza, R., dArge, R., deGroot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., Naeem, S., 
Oneill, R.V., Paruelo, J., Raskin, R.G., Sutton, P. & vandenBelt, M., 1997. The value of the world's 
ecosystem services and natural capital. Nature 387: 253-260. 
Crane, M., Boxall, A.B. & Barrett, K., 2008. Veterinary medicines in the environment. CRC Press. 
Cruz, M., Martinez, I., Lopez-Collado, J., Vargas-Mendoza, M., Gonzalez-Hernandez, H. & Platas-
Rosado, D.E., 2012. Degradation of cattle dung by dung beetles in tropical grassland in Veracruz, 
Mexico. Revista Colombiana De Entomologia 38: 148-155. 
Dai, X., 2000. Impact of cattle dung deposition on the distribution pattern of plant species in an alvar 
limestone grassland. Journal of Vegetation Science 11: 715-724. 
Dangles, O. & Malmqvist, B., 2004. Species richness-decomposition relationships depend on species 
dominance. Ecology Letters 7: 395-402. 
Davis, A.J., Holloway, J.D., Huijbregts, H., Krikken, J., Kirk-Spriggs, A.H. & Sutton, S.L., 2001. Dung 
beetles as indicators of change in the forests of northern Borneo. Journal of Applied Ecology 38: 593-
616. 
De Groot, R.S., Wilson, M.A. & Boumans, R.M.J., 2002. A typology for the classification, description 
and valuation of ecosystem functions, goods and services. Ecological Economics 41: 393-408. 
De Ruiter, P.C., Neutel, A.-M. & Moore, J.C., 1995. Energetics, patterns of interaction strengths, and 
stability in real ecosystems. Science 269: 1257-1260. 
Dellacasa, M., 1988. Contribution to a world-wide catalogue of Aegialiidae, Aphodiidae, 
Aulonocnemidae, Termitotrogidae (Coleoptera Scarabaeoidea). Società entomologica italiana. 
Dellacasa, M., 1995. Contribution to a world-wide catalogue of Aegialiidae, Aphodiidae, 
Aulonocnemidae, Termitotrogidae (Coleoptera Scarabaeoidea). Addenda et corrigenda (Third note). 
Memorie società entomologica italiana 74: 159-232. 
Desière, M., 1974. Ecologie des coléoptères coprophiles en prairie pâturée et en forêt. P 235. Thèse 
Etat, Université de Liège. 
Dicke, M. & Sabelis, M.W., 1988. Infochemical terminology: based on cost-benefit analysis rather 
than origin of compounds? Functional Ecology 2: 131-139. 
Didham, R.K., Ghazoul, J., Stork, N.E. & Davis, A.J., 1996. Insects in fragmented forests: A functional 
approach. Trends in Ecology & Evolution 11: 255-260. 
Dimander, S., Hoglund, J. & Waller, P., 2003. Disintegration of dung pats from cattle treated with the 
ivermectin anthelmintic bolus, or the biocontrol agent Duddingtonia flagrans. Acta Veterinaria 
Scandinavica 44: 171-180. 
DIN32645, 2008. Chemical Analysis-Decision limit, detection limit, and determination limit under 
repeatability conditions-Terms, Methods, Evaluation. Issue 2008-11. German Institute for 
Standardization, Berlin. 
Dormont, L., Rapior, S., McKey, D.B. & Lumaret, J.P., 2007. Influence of dung volatiles on the 
process of resource selection by coprophagous beetles. Chemoecology 17: 23-30. 
Doube, B.M., 1986. Biological control of the buffalo fly in Australia: the potential of the southern 
African dung fauna. In: Patterson, R.S. & Rutz, D.A. (edit.), Biological Control of Muscoid Flies, 
Publications of the Entomological Society of America, 61: 16-34. 
 183 
 
Doube, B.M., 1987. Spatial and temporal organization in communities associated with dung pads and 
carcasses. Organization of communities: past and present. Blackwell, Oxford Chapter 12: 255-280. 
Doube, B.M., Giller, P.S. & Moola, F., 1988. Dung burial strategies in some south-african coprine and 
onitine dung beetles (Scarabaeidae, Scarabaeinae). Ecological Entomology 13: 251-261. 
Doube, B.M., Macqueen, A., Ridsdill-Smith, T. & Weir, T., 1991. Native and introduced dung beetles 
in Australia. In: Hanski, I. & Cambefort, Y. (edit.), Dung beetle ecology, Princeton University Press, 
Princeton, N.J. : 255-278. 
Downing, A.S., van Nes, E.H., Mooij, W.M. & Scheffer, M., 2012. The Resilience and Resistance of an 
Ecosystem to a Collapse of Diversity. PloS one 7: e46135. 
Dyer, L.A. & Letourneau, D., 2003. Top-down and bottom-up diversity cascades in detrital vs. living 
food webs. Ecology Letters 6: 60-68. 
D’hondt, B., Bossuyt, B., Hoffmann, M. & Bonte, D., 2008. Dung beetles as secondary seed 
dispersers in a temperate grassland. Basic and Applied Ecology 9: 542-549. 
Echegaray Wilson, E.R., 2012. Life cycle of the rove beetle, Atheta coriaria (Kraatz)(Coleoptera: 
Staphylinidae) and suitability as a biological control agent against the fungus gnat, Bradysia sp. nr. 
Coprophila (Lintner). P 203. Thèse doctorat, Kansas State University, Manhattan, Kansas. 
Edwards, C.A., 2004. Earthworm ecology. CRC Press. 
Edwards, C.A., Atiyeh, R.M. & Roembke, J., 2001. Environmental impact of avermectins. Reviews of 
Environmental Contamination and Toxicology 171: 111-138. 
Edwards, P.B., 1986. Phenology and field biology of the dung beetle Onitis Caffer Boheman 
(Coleoptera, Scarabaeidae) in Southern-Africa. Bulletin of Entomological Research 76: 433-446. 
Edwards, P.B. & Aschenborn, H.H., 1987. Patterns of nesting and dung burial in Onitis dung beetles- 
Implications for pasture productivity and fly control. Journal of Applied Ecology 24: 837-851. 
Eklof, A. & Ebenman, B., 2006. Species loss and secondary extinctions in simple and complex model 
communities. Journal of Animal Ecology 75: 239-246. 
Elmqvist, T., Folke, C., Nyström, M., Peterson, G., Bengtsson, J., Walker, B. & Norberg, J., 2003. 
Response diversity, ecosystem change, and resilience. Frontiers in Ecology and the Environment 1: 
488-494. 
Errouissi, F., 2003. Effets des anthelminthiques sur les insectes coprophages. Conséquences 
environnementales. P 376.  Thèse doctorat Biologie des Populations et Ecologie, Université 
Montpellier III-Paul Valéry, Montpellier. 
Errouissi, F., Alvinerie, M., Galtier, P., Kerboeuf, D. & Lumaret, J., 2001. The negative effects of the 
residues of ivermectin in cattle dung using a sustained-release bolus on Aphodius constans (Duft.) 
(Coleoptera : Aphodiidae). Veterinary Research 32: 421-427. 
Errouissi, F., Haloti, S., Jay-Robert, P., Janati-Idrissi, A. & Lumaret, J.P., 2004. Effects of the 
attractiveness for dung beetles of dung pat origin and size along a climatic gradient. Environmental 
Entomology 33: 45-53. 
Estrada, A. & Coates-Estrada, R., 1991. Howler monkeys (Alouatta palliata), dung beetles 
(Scarabaeidae) and seed dispersal: ecological interactions in the tropical rain forest of Los Tuxtlas, 
Mexico. Journal of Tropical Ecology 7: 459-474. 
Estrada, A. & Coates-Estrada, R., 2002. Dung beetles in continuous forest, forest fragments and in an 
agricultural mosaic habitat island at Los Tuxtlas, Mexico. Biodiversity and Conservation 11: 1903-
1918. 
Fay, H. & Doube, B., 1983. The effect of some coprophagous and predatory beetles on the survival of 
immature stages of the African buffalo fly, Haematobia thirouxi potans, in bovine dung. Zeitschrift für 
Angewandte Entomologie 95: 460-466. 
Feehan, J., Hughes, R.D., Bryce, M.A. & Runko, S., 1985. Bush fly abundance and population events 
in relation to dung beetle catches on the south coast of New South Wales. Journal of the Australian 
Entomological Society 24: 37-43. 
Fernandez, C., Andres, M.S., Porcel, M.A., Rodriguez, C., Alonso, A. & Tarazona, J.V., 2009. 
Pharmacokinetic Profile of Ivermectin in Cattle Dung Excretion, and its Associated Environmental 
Hazard. Soil & Sediment Contamination 18: 564-575. 
 184 
 
Ferrar, P., 1975. Disintegration of dung pads in north Queensland before the introduction of exotic 
dung beetles. Animal Production Science 15: 325-329. 
Figg, D.E., Hall, R.D. & Thomas, G.D., 1983. Insect parasites associated with Diptera developing in 
bovine dung pats on central Missouri pastures. Environmental Entomology 12: 961-966. 
Fincher, G.T., 1981. The potential value of dung beetles in pasture ecosystems. Journal of the 
Georgia Entomological Society 16: 316-333. 
Fincher, G.T., 1992. Injectable ivermectin for cattle: effects on some dung inhabiting insects. 
Environmental Entomology 21: 871-876. 
Finke, D.L. & Snyder, W.E., 2008. Niche partitioning increases resource exploitation by diverse 
communities. Science 321: 1488-1490. 
Finn, J.A. & Gittings, T., 2003. A review of competition in north temperate dung beetle communities. 
Ecological Entomology 28: 1-13. 
Floate, K.D., Colwell, D.D. & Fox, A.S., 2002. Reductions of non-pest insects in dung of cattle treated 
with endectocides: a comparison of four products. Bulletin of Entomological Research 92: 471-481. 
Floate, K.D. & Fox, A.S., 1999. Indirect effects of ivermectin residues across trophic levels: Musca 
domestica (Diptera : Muscidae) and Muscidifurax zaraptor (Hymenoptera : Pteromalidae). Bulletin of 
Entomological Research 89: 225-229. 
Floate, K.D. & Kadiri, N., 2013. Dung beetles (Coleoptera: Scarabaeidae) associated with cattle dung 
on native grasslands of southern Alberta, Canada. The Canadian Entomologist 145: 647-654. 
Forster, B., Boxall, A., Coors, A., Jensen, J., Liebig, M., Pope, L., Moser, T. & Rombke, J., 2011. Fate 
and effects of ivermectin on soil invertebrates in terrestrial model ecosystems. Ecotoxicology 20: 
234-245. 
Francke, W. & Dettner, K., 2005. Chemical signalling in beetles. Chemistry of Pheromones and Other 
Semiochemicals II. Topics in Current Chemistry 240: 85-166. 
Fridley, J.D., 2001. The influence of species diversity on ecosystem productivity: how, where, and 
why? Oikos 93: 514-526. 
Galbiati, C., Bensi, C., Conceição, C., Florcovski, J. & Calafiori, M., 1995. Estudo comparativo entre 
besouros do esterco Dichotomius anaglypticus (Mann., 1829) e Onthophagus gazella (F.), sobre as 
pastagens, em condições brasileiras. Ecossistema 20. 
Gardner, T.A., Barlow, J., Araujo, I.S., Ávila-Pires, T.C., Bonaldo, A.B., Costa, J.E., Esposito, M.C., 
Ferreira, L.V., Hawes, J. & Hernandez, M.I., 2008. The cost-effectiveness of biodiversity surveys in 
tropical forests. Ecology Letters 11: 139-150. 
Gerrish, J., Peterson, P. & Brown, J., 1995. Grazing management affects soil phosphorus and 
potassium levels. Proceedings of the American Forage and Grassland Council 4: 175-179. 
Gillard, P., 1967. Coprophagous beetles in pasture ecosystems. Journal of the Australian Institute of 
Agricultural Science 33: 30-34. 
Giller, P.S. & Doube, B.M., 1989. Experimental analysis of interspecific and intraspecific competition 
in dung beetle communities. Journal of Animal Ecology 58: 129-142. 
Giller, P.S. & Doube, B.M., 1994. Spatial and temporal cooccurrence of competitors in southern 
African dung beetles communities. Journal of Animal Ecology 63: 629-643. 
Gittings, T. & Giller, P.S., 1998. Resource quality and the colonisation and succession of 
coprophagous dung beetles. Ecography 21: 581-592. 
Gonzalez-Canga, A., 2012. Editorial [Hot Topic: Macrocyclic Lactones in Antiparasitic Therapy (Guest 
Editor: Aranzazu Gonzalez-Canga)]. Current Pharmaceutical Biotechnology 13: 851-852. 
Goodrich, M.A. & Hanley, R.S., 1995. Biology, development and larval characters of Oxyporus major 
(Coleoptera, Staphylinidae). Entomological News 106: 161-168. 
Groffman, P.M., Bohlen, P.J., Fisk, M.C. & Fahey, T.J., 2004. Exotic earthworm invasion and 
microbial biomass in temperate forest soils. Ecosystems 7: 45-54. 
Guglielmone, A.A., Gimeno, E., Idiart, J., Fisher, W.P., Volpogni, M.M., Quaino, O., Anziani, O.S., 
Flores, S.G. & Warnke, O., 1999. Skin lesions and cattle hide damage from Haematobia irritans 
infestations. Medical and Veterinary Entomology 13: 324-329. 
 185 
 
Hafez, M., 1939. Some ecological observations on the insect fauna of dung. Bulletin de la Société 
Fouad Ier d'Entomologie 23: 241-283. 
Hairston, N.G., Smith, F.E. & Slobodkin, L.B., 1960. Community structure, population control, and 
competition. American Naturalist 94: 421-425. 
Halffter, G. & Edmonds, W.D., 1982. The nesting behavior of dung beetles (Scarabaeinae). An 
ecological and evolutive approach. Instituto de Ecologia, Mexico, D.F.  
Halffter, G. & Matthews, E.G., 1966. The natural history of dung beetles of the subfamily 
Scarabaeinae (Coleoptera, Scarabaeidae). Folia Entomologica Mexicana 12-14: 1-312. 
Halley, B.A., Jacob, T.A. & Lu, A.Y., 1989b. The environmental impact of the use of ivermectin: 
environmental effects and fate. Chemosphere 18: 1543-1563. 
Halley, B.A., Nessel, R. & Lu, A., 1989a. Environmental aspects of ivermectin usage in livestock: 
general considerations. In: Campbell, W.C. (edit.), Ivermectin and abamectin, Springer-Verlag: 162-
172. 
Hammer, O., 1942. Biological and ecological investigations on flies associated with pasturing cattle 
and their excrement. Vidensk Medd naturhist Foren København 105: 141-393. 
Hanley, R.S. & Goodrich, M.A., 1994. Natural-history, development and immature stages of 
Oxyporus stygicus say (Coleoptera, Staphylinidae, Oxyporinae). Coleopterists Bulletin 48: 213-225. 
Hanski, I., 1987a. Colonization of ephemeral habitats. P 155.  Colonization, succession, and stability: 
the 26th Symposium of the British Ecological Society held jointly with the Linnean Society of London 
Blackwell Science Inc. 
Hanski, I., 1987b. Nutritional ecology of dung-and carrion-feeding insects. In: Slansky, F. & Rodriguez, 
J.G. (edit.), Nutritional ecology of insects, mites, stidery and related invertebrates: an overview, 
Wiley, N.Y. : 837-884. 
Hanski, I., 2005. Landscape fragmentation, biodiversity loss and the societal response. EMBO reports 
6: 388-392. 
Hanski, I. & Cambefort, Y., 1991. Dung beetle ecology. Princeton University Press, Princeton, N.J. 
Hatch, D., Lovell, R., Antil, R., Jarvis, S. & Owen, P., 2000. Nitrogen mineralization and microbial 
activity in permanent pastures amended with nitrogen fertilizer or dung. Biology and Fertility of soils 
30: 288-293. 
Haufe, W.O., 1987. Host-parasite interaction of blood-feeding dipterans in health and productivity of 
mammals. International Journal for Parasitology 17: 607-614. 
Haynes, R. & Williams, P., 1993. Nutrient cycling and soil fertility in the grazed pasture ecosystem. 
Advances in Agronomy 49: 119-199. 
Heard, S.B. & Remer, L.C., 1997. Clutch-size behavior and coexistence in ephemeralpatch 
competition models. The American Naturalist 150: 744-770. 
Hector, A., Joshi, J., Scherer-Lorenzen, M., Schmid, B., Spehn, E.M., Wacker, L., Weilenmann, M., 
Bazeley-White, E., Beierkuhnlein, C., Caldeira, M.C., Dimitrakopoulos, P.G., Finn, J.A., Huss-Danell, 
K., Jumpponen, A., Leadley, P.W., Loreau, M., Mulder, C.P.H., Nesshoever, C., Palmborg, C., Read, 
D.J., Siamantziouras, A.S.D., Terry, A.C. & Troumbis, A.Y., 2007. Biodiversity and ecosystem 
functioning: reconciling the results of experimental and observational studies. Functional Ecology 21: 
998-1002. 
Hempel, H., Scheffczyk, A., Schallnass, H.J., Lumaret, J.P., Alvinerie, M. & Roembke, J., 2006. 
Toxicity of four veterinary parasiticides on larvae of the dung beetle Aphodius constans in the 
laboratory. Environmental Toxicology and Chemistry 25: 3155-3163. 
Herd, R., 1995. Endectocidal drugs: ecological risks and counter-measures. International Journal For 
Parasitology 25: 875-885. 
Hillebrand, H., Bennett, D.M. & Cadotte, M.W., 2008. Consequences of dominance: A review of 
evenness effects on local and regional ecosystem processes. Ecology 89: 1510-1520. 
Hinton, H., 1944. Some general remarks on sub-social beetles, with notes on the biology of the 
staphylinid, Platystethus aren arius (Fourcroy). Pp 115-128.  Proceedings of the Royal Entomological 
Society of London. Series A, General Entomology Wiley Online Library. 
 186 
 
Hirschberger, P., 1998. Spatial distribution, resource utilisation and intraspecific competition in the 
dung beetle Aphodius ater. Oecologia 116: 136-142. 
Hirschberger, P., 1999. Larval population density affects female weight and fecundity in the dung 
beetle Aphodius ater. Ecological Entomology 24: 316-322. 
Hirschberger, P. & Degro, H.N., 1996. Oviposition of the dung beetle Aphodius ater in relation to the 
abundance of yellow dungfly larvae (Scatophaga stercoraria). Ecological Entomology 21: 352-357. 
Holter, P., 1977. Experiment on dung removal by Aphodius larvae (Scarabaeidae) and earthworms. 
Oikos 28: 130-136. 
Holter, P., 1979. Effect of dung beetles (Aphodius Spp) and earthworms on the disappearance of 
cattle dung. Oikos 32: 393-402. 
Holter, P., 1982. Resource utilization and local coexistence in a guild of scarabaeid dung beetles 
(Aphodius spp). Oikos 39: 213-227. 
Holter, P., Scholtz, C. & Wardhaugh, K., 2002. Dung feeding in adult scarabaeines (tunnellers and 
endocoprids): even large dung beetles eat small particles. Ecological Entomology 27: 169-176. 
Hooper, D.U., Chapin, F.S., Ewel, J.J., Hector, A., Inchausti, P., Lavorel, S., Lawton, J.H., Lodge, D.M., 
Loreau, M., Naeem, S., Schmid, B., Setala, H., Symstad, A.J., Vandermeer, J. & Wardle, D.A., 2005. 
Effects of biodiversity on ecosystem functioning: A consensus of current knowledge. Ecological 
Monographs 75: 3-35. 
Horgan, F. & Fuentes, R., 2005. Asymmetrical competition between Neotropical dung beetles and its 
consequences for assemblage structure. Ecological Entomology 30: 182-193. 
Hu, G. & Frank, J., 1995. New distributional records for Platystethus (Coleoptera: Staphylinidae: 
Oxytelinae) with notes on the biology of P. americanus. Florida Entomologist 78: 137-144. 
Hughes, R.D., 1975. Introduced dung beetles and Australian pasture ecosystems. Journal of Applied 
Ecology 12: 819-819. 
Hughes, R.D., Tyndalebiscoe, M. & Walker, J., 1978. Effects of introduced dung beetles (Coleoptera 
Scarabaeidae) on breeding and abundance of Australian bushfly, Musca vetustissima Walker (Diptera 
Muscidae). Bulletin of Entomological Research 68: 361-372. 
Hutton, S.A. & Giller, P.S., 2004. Intra- and interspecific aggregation of north temperate dung 
beetles on standardised and natural dung pads: the influence of spatial scale. Ecological Entomology 
29: 594-605. 
Iglesias, L.E., Fuse, L.A., Lifschitz, A.L., Rodriguez, E.M., Sagues, M.F. & Saumell, C.A., 2011. 
Environmental monitoring of ivermectin excreted in spring climatic conditions by treated cattle on 
dung fauna and degradation of faeces on pasture. Parasitology Research 108: 1185-1191. 
Iglesias, L.E., Saumell, C.A., Fernandez, A.S., Fuse, L.A., Lifschitz, A.L., Rodriguez, E.M., Steffan, P.E. 
& Fiel, C.A., 2006. Environmental impact of ivermectin excreted by cattle treated in autumn on dung 
fauna and degradation of faeces on pasture. Parasitology Research 100: 93-102. 
Jacobs, D., Pilkington, J., Fisher, M. & Fox, M., 1988. Ivermectin therapy and degradation of cattle 
faeces. Veterinary Record 123: 400-400. 
Jay-Robert, P., Niogret, J., Errouissi, F., Labarussias, M., Paoletti, E., Luis, M.V. & Lumaret, J.P., 
2008. Relative efficiency of extensive grazing vs. wild ungulates management for dung beetle 
conservation in a heterogeneous landscape from Southern Europe (Scarabaeinae, Aphodiinae, 
Geotrupinae). Biological Conservation 141: 2879-2887. 
Jensen, J. & Scott-Fordsmand, J.J., 2012. Ecotoxicity of the veterinary pharmaceutical ivermectin 
tested in a soil multi-species (SMS) system. Environmental Pollution 171: 133-139. 
Jochmann, R., Blanckenhorn, W.U., Bussiere, L., Eirkson, C.E., Jensen, J., Kryger, U., Lahr, J., 
Lumaret, J.P., Roembke, J., Wardhaugh, K.G. & Floate, K.D., 2011. How to test nontarget effects of 
veterinary pharmaceutical residues in livestock dung in the field. Integrated Environmental 
Assessment and Management 7: 287-296. 
Johnson, K.H., Vogt, K.A., Clark, H.J., Schmitz, O.J. & Vogt, D.J., 1996. Biodiversity and the 
productivity and stability of ecosystems. Trends in Ecology & Evolution 11: 372-377. 
Jones, C.G., Lawton, J.H. & Shachak, M., 1994. Organisms as ecosystem engineers. Oikos 69: 373-
386. 
 187 
 
Jørgensen, F.V. & Jensen, E.S., 1997. Short-term effects of a dung pat on N2 fixation and total N 
uptake in a perennial ryegrass/white clover mixture. Plant and soil 196: 133-141. 
Kadiri, N., Lobo, J.M. & Lumaret, J.P., 1997. Consequences of the interaction of habitat preferences 
and trophic resource availability for coprophagous insect communities (Coleoptera: Scarabaeoidea). 
Acta Oecologica-International Journal of Ecology 18: 107-119. 
Kadiri, N., Lumaret, J.-P. & Floate, K., 2014. Functional diversity and seasonal activity of dung beetles 
(Coleoptera: Scarabaeoidea) on native grasslands in southern Alberta, Canada. The Canadian 
Entomologist 146: 1-15. 
Kirk, A., Lumaret, J., Groves, R. & di Castri, F., 1991. The importation of Mediterranean-adapted 
dung beetles (Coleoptera: Scarabaeidae) from the northern hemisphere to other parts of the world. 
Biogeography of Mediterranean invasions. Cambridge University Press, Cambridge, UK: 413-424. 
Kirwan, L., Connolly, J., Finn, J., Brophy, C., Luscher, A., Nyfeler, D. & Sebastia, M., 2009. Diversity-
interaction modeling: estimating contributions of species identities and interactions to ecosystem 
function. Ecology 90: 2032-2038. 
Kirwan, L., Luescher, A., Sebastia, M.T., Finn, J.A., Collins, R.P., Porqueddu, C., Helgadottir, A., 
Baadshaug, O.H., Brophy, C., Coran, C., Dalmannsdottir, S., Delgado, I., Elgersma, A., Fothergill, M., 
Frankow-Lindberg, B.E., Golinski, P., Grieu, P., Gustavsson, A.M., Hoglind, M., Huguenin-Elie, O., 
Iliadis, C., Jorgensen, M., Kadziuliene, Z., Karyotis, T., Lunnan, T., Malengier, M., Maltoni, S., Meyer, 
V., Nyfeler, D., Nykanen-Kurki, P., Parente, J., Smit, H.J., Thumm, U. & Connolly, J., 2007. Evenness 
drives consistent diversity effects in intensive grassland systems across 28 European sites. Journal of 
Ecology 95: 530-539. 
Klein, B.C., 1989. Effects of forest fragmentation on dung and carrion beetle communities in central 
amazonia. Ecology 70: 1715-1725. 
Koh, L.P., Dunn, R.R., Sodhi, N.S., Colwell, R.K., Proctor, H.C. & Smith, V.S., 2004. Species 
coextinctions and the biodiversity crisis. Science 305: 1632-1634. 
Kornis, G.I., 1995. Avermectins and milbemycins. Marcel Dekker: New York, NY, USA. 
Koskela, H. & Hanski, I., 1977. Structure and succession in a beetle community inhabiting cow dung. 
Annales Zoologici Fennici 14: 204-223. 
Krantz, G.W., 1998. Reflections on the biology, morphology and ecology of the Macrochelidae. 
Experimental & Applied Acarology 22: 125-137. 
Kremen, C., 2005. Managing ecosystem services: what do we need to know about their ecology? 
Ecology Letters 8: 468-479. 
Krogh, K., Jensen, G., Schneider, M., Fenner, K. & Halling-Sorensen, B., 2009. Analysis of the 
dissipation kinetics of ivermectin at different temperatures and in four different soils. Chemosphere 
75: 1097-1104. 
Kruger, K. & Scholtz, C., 1995. The effect of ivermectin on the development and reproduction of the 
dung-breeding fly Musca nevilli Kleynhans (Diptera, Muscidae). Agriculture Ecosystems & 
Environment 53: 13-18. 
Kruger, K. & Scholtz, C., 1997. Lethal and sublethal effects of ivermectin on the dung-breeding 
beetles Euoniticellus intermedius (Reiche) and Onitis alexis Klug (Coleoptera, Scarabaeidae). 
Agriculture Ecosystems & Environment 61: 123-131. 
Krüger, K. & Scholtz, C.H., 1998a. Changes in the structure of dung insect communities after 
ivermectin usage in a grassland ecosystem. I. Impact of ivermectin under drought conditions. Acta 
Oecologica 19: 425-438. 
Krüger, K. & Scholtz, C.H., 1998b. Changes in the structure of dung insect communities after 
ivermectin usage in a grassland ecosystem. II. Impact of ivermectin under high-rainfall conditions. 
Acta Oecologica 19: 439-451. 
Kryger, U., Deschodt, C. & Scholtz, C., 2005. Effects of fluazuron and ivermectin treatment of cattle 
on the structure of dung beetle communities. Agriculture, Ecosystems & Environment 105: 649-656. 
Kumar, P., 2010. The Economics of Ecosystems and Biodiversity: ecological and economic 
foundations. Earthscan, London. 
 188 
 
Lançon, J., 1978. Les restitutions du betail au pâturage et leurs effets (1. partie)[composition du 
fumier des bovins]. Fourrages 75: 55-88. 
Larsen, T., Williams, N. & Kremen, C., 2005. Extinction order and altered community structure 
rapidly disrupt ecosystem functioning. Ecology Letters 8: 538-547. 
Lastro, E., 2006. Dung beetles (Coleoptera: Scarabaeidae and Geotrupidae) in North Carolina pasture 
ecosystem. P 134. Thèse master, North Carolina State University. 
Lavelle, P., Bignell, D., Lepage, M., Wolters, V., Roger, P., Ineson, P., Heal, O.W. & Dhillion, S., 1997. 
Soil function in a changing world: the role of invertebrate ecosystem engineers. European Journal of 
Soil Biology 33: 159-193. 
Lee, C.M. & Wall, R., 2006. Cow-dung colonization and decomposition following insect exclusion. 
Bulletin of Entomological Research 96: 315-322. 
Legner, E. & Grant, C., 1978. Natural enemies imported in California for the biological control of face 
fly, Musca autumnalis De Geer, and horn fly, Haematobia irritans (L.). Pp 77-79.  Proceedings and 
papers of the Forty-sixth Annual Conference of the California Mosquito and Vector Control 
Association, Inc., January 29-February 1, 1978, held at the Ahwahnee Hotel, Yosemite, California. 
CMVCA Press. 
Liebig, M., Fernandez, A.A., Blubaum-Gronau, E., Boxall, A., Brinke, M., Carbonell, G., Egeler, P., 
Fenner, K., Fernandez, C., Fink, G., Garric, J., Halling-Sorensen, B., Knacker, T., Krogh, K.A., Kuster, 
A., Loffler, D., Cots, M.A.P., Pope, L., Prasse, C., Rombke, J., Ronnefahrt, I., Schneider, M.K., 
Schweitzer, N., Tarazona, J.V., Ternes, T.A., Traunspurger, W., Wehrhan, A. & Duis, K., 2010. 
Environmental risk assessment of ivermectin: A case study. Integrated Environmental Assessment 
and Management 6 Suppl: 567-587. 
Lindquist, A.W., 1933. Amounts of dung buried and soil excavated by certain Coprini (Scarabaeidae). 
Journal of the Kansas Entomological Society 6: 109-125. 
Litskas, V., Batzias, G., Karamanlis, X. & Kamarianos, A., 2010. Analytical procedure for the 
determination of eprinomectin in soil and cattle faeces. Journal of Chromatography B 878: 1537-
1542. 
Lobo, J., Martín-Piera, F. & Veiga, C., 1988. Las trampas pitfall con cebo, sus posibilidades en el 
estudio de las comunidades coprófagas de Scarabaeoidea (Col.). I. Características determinantes de 
su capacidad de captura. Revue d'Ecologie et de Biologie du Sol 25: 77-100. 
Lobo, J.M. & Montes de Oca, E., 1997. Spatial microdistribution of two introduced dung beetle 
species. Acta Zoológica Mexicana (nueva serie) 71: 17-32. 
Lobo, J.M. & Veiga, C., 1990. Interés ecológico y económico de la fauna coprófaga en pastos de uso 
ganadero. Ecología 4: 313-332. 
Lof, M.E., Etienne, R.S., Powell, J., de Gee, M. & Hemerik, L., 2008. The effect of chemical 
information on the spatial distribution of fruit flies: I model results. Bulletin of Mathematical Biology 
70: 1827-1849. 
Loreau, M., 2000. Biodiversity and ecosystem functioning: recent theoretical advances. Oikos 91: 3-
17. 
Loreau, M., 2002. Biodiversity and ecosystem functioning: synthesis and perspectives. Oxford Oxford 
University Press, U.K. 
Loreau, M., Naeem, S., Inchausti, P., Bengtsson, J., Grime, J.P., Hector, A., Hooper, D.U., Huston, 
M.A., Raffaelli, D., Schmid, B., Tilman, D. & Wardle, D.A., 2001. Ecology - Biodiversity and ecosystem 
functioning: Current knowledge and future challenges. Science 294: 804-808. 
Losey, J. & Vaughan, M., 2006. The economic value of ecological services provided by insects. 
Bioscience 56: 311-323. 
Lumaret, J.P., 1975. Study of egg-laying conditions and of larval development of Aphodius (Agrilinus) 
constans Duft (Coleoptera-Scarabaeidae) in field and in laboratory. Vie Et Milieu Serie C-Biologie 
Terrestre 25: 267-281. 
Lumaret, J.P., 1983. Structure des peuplements de coprophages Scarabaeidae en région 
méditerranéenne française: relations entre les conditions écologiques et quelques paramètres 
biologiques des espèces [Col.]. Bulletin de la Société entomologique de France 88: 481-495. 
 189 
 
Lumaret, J.P., 1986. Deleterious effects of some helminthicids on coprophagous insects and 
consequences on the disintegration of dung pads. Acta Oecologica-Oecologia Applicata 7: 313-324. 
Lumaret, J.P., Alvinerie, M., Hempel, H., Schallinass, H.J., Claret, D. & Roembke, J., 2007. New 
screening test to predict the potential impact of ivermectin-contaminated cattle dung on dung 
beetles. Veterinary Research 38: 15-24. 
Lumaret, J.P., Errouissi, F., Floate, K., Roembke, J. & Wardhaugh, K., 2012. A review on the toxicity 
and non-target effects of macrocyclic lactones in terrestrial and aquatic environments. Current 
Pharmaceutical Biotechnology 13: 1004-1060. 
Lumaret, J.P., Galante, E., Lumbreras, C., Mena, J., Bertrand, M., Bernal, J.L., Cooper, J.F., Kadiri, N. 
& Crowe, D., 1993. Field effects of ivermectin residues on dung beetles. Journal of Applied Ecology 
30: 428-436. 
Lumaret, J.P. & Iborra, O., 1996. Separation of trophic niches by dung beetles (Coleoptera, 
Scarabaeoidea) in overlapping habitats. Pedobiologia 40: 392-404. 
Lumaret, J.P. & Kadiri, N., 1995. The influence of the first wave of colonizing insects on cattle dung 
dispersal. Pedobiologia 39: 506-517. 
Lumaret, J.P., Kadiri, N. & Bertrand, M., 1992. Changes in resources: consequences for the dynamics 
of dung beetle communities. Journal of Applied Ecology 29: 349-356. 
Lumaret, J.P. & Kirk, A., 1987. Ecology of dung beetles in the French Mediterranean region 
(Coleoptera: Scarabaeinae). Acta Zoológica Mexicana (n.s.) 24: 1-56. 
Lumaret, J.P. & Kirk, A., 1991. South temperate dung beetles. In: Hanski, I. & Cambefort, Y. (edit.), 
Dung beetle ecology, Princeton University Press, Princeton, N.J. Chapter 6: 97-115. 
Lussenhop, J., Kumar, R., Wicklow, D.T. & Lloyd, J.E., 1980. Insect effects on bacteria and fungi in 
cattle dung. Oikos 34: 54-58. 
Macqueen, A. & Beirne, B.P., 1975a. Dung burial activity and fly control potential of Onthophagus 
nuchicornis (Coleoptera Scarabaeinae) in British Columbia. The Canadian Entomologist 107: 1215-
1220. 
Macqueen, A. & Beirne, B.P., 1975b. Effects of cattle dung and dung beetle activity on growth of 
beardless wheatgrass in British Columbia. Canadian Journal of Plant Science 55: 961-967. 
Madsen, M., Nielsen, B.O., Holter, P., Pedersen, O.C., Jespersen, J.B., Jensen, K.M.V., Nansen, P. & 
Gronvold, J., 1990. Treating cattle with ivermectin: effects on the fauna and decomposition of dung 
pats. Journal of Applied Ecology 27: 1-15. 
Mariategui, P.G., 2000. Ontherus sulcator (Fabricius), su importancia en el control de Haematobia 
irritans (Linneus) en campos de la Cuenca del Río Salado.#Revista Electronica Escuela de Posgrado 
Universidade Nacional San Martin. Universidad Nacional de Lomas de Zamora, Facultad de Ciencias 
Agrarias, Catedra de Zoologia, Buenos Aires. 
McKeand, J., Bairden, K. & Ibarra-Silva, A., 1988. The degradation of bovine faecal pats containing 
ivermectin. Veterinary Record 122: 587-588. 
MEA, 2005. (Millennium Ecosystem Assessment) Ecosystems and human well-being. Island Press 
Washington, DC. 
Menendez, R. & Gutierrez, D., 1999. Heterotrophic succession within dung-inhabiting beetle 
communities in northern Spain. Acta Oecologica-International Journal of Ecology 20: 527-535. 
Mittal, I., 1993. Natural manuring and soil conditioning by dung beetles. Tropical Ecology 34: 150-
159. 
Mohr, C.O., 1943. Cattle droppings as ecological units. Ecological Monographs 13: 275-298. 
Moon, R., Loomis, E. & Anderson, J., 1980. Influence of two species of dung beetles on larvae of face 
fly. Environmental Entomology 9: 607-612. 
Moran, M.D., 2003. Arguments for rejecting the sequential Bonferroni in ecological studies. Oikos 
100: 403-405. 
Mori, A.S., Furukawa, T. & Sasaki, T., 2013. Response diversity determines the resilience of 
ecosystems to environmental change. Biological Reviews 88: 349-364. 
Naeem, S. & Wright, J.P., 2003. Disentangling biodiversity effects on ecosystem functioning: deriving 
solutions to a seemingly insurmountable problem. Ecology Letters 6: 567-579. 
 190 
 
Nakagawa, S., 2004. A farewell to Bonferroni: the problems of low statistical power and publication 
bias. Behavioral Ecology 15: 1044-1045. 
Nervo, B., Tocco, C., Caprio, E., Palestrini, C. & Rolando, A., 2014. The Effects of Body Mass on Dung 
Removal Efficiency in Dung Beetles. PloS one 9: e107699. 
Nichols, E., Gardner, T.A., Peres, C.A., Spector, S. & Scarabaeinae Res, N., 2009. Co-declining 
mammals and dung beetles: an impending ecological cascade. Oikos 118: 481-487. 
Nichols, E., Spector, S., Louzada, J., Larsen, T., Amequita, S., Favila, M. & Network, S.R., 2008. 
Ecological functions and ecosystem services provided by Scarabaeinae dung beetles. Biological 
Conservation 141: 1461-1474. 
Niogret, J., Bertrand, M., Glida, H. & Lumaret, J., 2004. Dung or beetles, that is the question. 
Olfactory sensitivity, a significant trait of life of the phoretic mite Macrocheles perglaber (Acari: 
Mesostigmata: Macrochelidae). Phytophaga 14: 215-222. 
Niogret, J., Lumaret, J.P. & Bertrand, M., 2006a. Review of the phoretic association between 
coprophilous insects and macrochelid mites (Acari: Mesostigmata) in France. Elytron 20: 99-121. 
Niogret, J., Lumaret, J.P. & Bertrand, M., 2006b. Semiochemicals mediating host-finding behaviour 
in the phoretic association between Macrocheles saceri (Acari : Mesostigmata) and Scarabaeus 
species (Coleoptera : Scarabaeidae). Chemoecology 16: 129-134. 
Niogret, J., Lumaret, J.P. & Bertrand, M., 2010. Generalist and specialist strategies in macrochelid 
mites (Acari: Mesostigmata) phoretically associated with dung beetles (Coleoptera: Scarabaeidae). Pp 
343-347.  Trends in Acarology Springer. 
Nitschke, C.R. & Innes, J.L., 2006. Interactions between fire, climate change and forest biodiversity. 
Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources 1: 9. 
O'Hea, N.M., Kirwan, L. & Finn, J.A., 2010. Experimental mixtures of dung fauna affect dung 
decomposition through complex effects of species interactions. Oikos 119: 1081-1088. 
Owen, W.K., Lloyd, J.E., Legg, D.E. & Kumar, R., 2006. Endocoprid activity of Aphodius fossor 
(Coleoptera : Scarabaeidae) related to bovine dung decomposition in a mixed grass prairie. Journal of 
Economic Entomology 99: 2210-2215. 
Palestrini, C., Barbero, E. & Rolando, A., 1998. Intra-and interspecific aggregation among dung 
beetles (Coleoptera : Scarabaeoidea) in an Alpine pasture. Journal of Zoology 245: 101-109. 
Peyraud, J., Vérité, R. & Delaby, L., 1995. Rejets azotés chez la vache laitière: effets du type 
d’alimentation et du niveau de production des animaux. Fourrages 142: 131-144. 
Quintero, I. & Roslin, T., 2005. Rapid recovery of dung beetle communities following habitat 
fragmentation in central Amazonia. Ecology 86: 3303-3311. 
Reiss, J., Bailey, R.A., Perkins, D.M., Pluchinotta, A. & Woodward, G., 2011. Testing effects of 
consumer richness, evenness and body size on ecosystem functioning. Journal of Animal Ecology 80: 
1145-1154. 
Ridsdill-Smith, T., Hayles, L. & Palmer, M., 1986. Competition between the bush fly and a dung 
beetle in dung of differing characteristics. Entomologia Experimentalis et Applicata 41: 83-90. 
Ridsdill-Smith, T., Hayles, L. & Palmer, M., 1987. Mortality of eggs and larvae of the bush fly, Musca 
vetustissima Walker (Diptera: Muscidae), caused by scarabaeine dung beetles (Coleoptera: 
Scarabaeidae) in favourable cattle dung. Bulletin of Entomological Research 77: 731-736. 
Rodriguez, I., Crespo, G., Torres, V. & Fraga, S., 2005. Effect of the dung patches and the urine on 
the chemical composition of the pasture and their effect on the soil under grazing conditions or not. 
Cuban Journal of Agricultural Science 39: 341-350. 
Roembke, J., Barrett, K., Blanckenhorn, W.U., Hargreaves, T., Kadiri, N., Knabe, S., Lehmhus, J., 
Lumaret, J.P., Rosenkranz, B., Scheffczyk, A. & Sekine, T., 2010a. Results of an international ring test 
with the dung fly Musca autumnalis in support of a new OECD test guideline. Science of the Total 
Environment 408: 4102-4106. 
Roembke, J., Coors, A., Fernandez, A.A., Forster, B., Fernandez, C., Jensen, J., Lumaret, J.P., Cots, 
M.A.P. & Liebig, M., 2010b. Effects of the parasiticide ivermectin on the structure and function of 
dung and soil invertebrate communities in the field (Madrid, Spain). Applied Soil Ecology 45: 284-292. 
 191 
 
Roembke, J., Floate, K.D., Jochmann, R., Schafer, M.A., Puniamoorthy, N., Knabe, S., Lehmhus, J., 
Rosenkranz, B., Scheffczyk, A., Schmidt, T., Sharples, A. & Blanckenhorn, W.U., 2009. Lethal and 
sublethal toxic effects of a test chemical (ivermectin) on the yellow dung fly (Scathophaga 
stercoraria) based on a standardized international ring test. Environmental Toxicology and Chemistry 
28: 2117-2124. 
Roembke, J., Hempel, H., Scheffczyk, A., Schallnab, H., Alvinerie, M. & Lumaret, J.P., 2007. 
Environmental risk assessment of veterinary pharmaceuticals: Development of a standard laboratory 
test with the dung beetle Aphodius constans. Chemosphere 70: 57-64. 
Roembke, J., Krogh, K., Moser, T., Scheffczyk, A. & Liebig, M., 2010c. Effects of the veterinary 
pharmaceutical ivermectin on soil invertebrates in laboratory tests. Archives of Environmental 
Contamination and Toxicology 58: 332-340. 
Roembke, J., Scheffczyk, A., Blanckenhorn, W. & Lumaret, J.P., 2012. Untersuchungen subletaler 
Endpunkte an Dungorganismen im Rahmen des Vollzugs des Arzneimittelgesetzes Nr. 51/2012. P 43. 
Rohlfs, M. & Hoffmeister, T.S., 2004. Spatial aggregation across ephemeral resource patches in 
insect communities: an adaptive response to natural enemies? Oecologia 140: 654-661. 
Rosenlew, H. & Roslin, T., 2008. Habitat fragmentation and the functional efficiency of temperate 
dung beetles. Oikos 117: 1659-1666. 
Roth, J., Fincher, G. & Summerlin, J., 1983. Competition and predation as mortality factors of the 
horn fly, Haematobia irritans (L.)(Diptera: Muscidae), in a central Texas pasture habitat. 
Environmental Entomology 12: 106-109. 
Santos-Heredia, C., Andresen, E. & Stevenson, P., 2011. Secondary seed dispersal by dung beetles in 
an Amazonian forest fragment of Colombia: influence of dung type and edge effect. Integrative 
Zoology 6: 399-408. 
Santos-Heredia, C., Andresen, E. & Zarate, D.A., 2010. Secondary seed dispersal by dung beetles in a 
Colombian rain forest: effects of dung type and defecation pattern on seed fate. Journal of Tropical 
Ecology 26: 355-364. 
Schaper, R. & Liebisch, A., 1991. Influence of a systemic acting antiparasitic drug (ivermectin) on the 
dung biocoenosis and dung degradation of grazing cattle. Tierarztliche Umschau 46: 12-18. 
Scheffler, P.Y., 2005. Dung beetle (Coleoptera : Scarabaeidae) diversity and community structure 
across three disturbance regimes in eastern Amazonia. Journal of Tropical Ecology 21: 9-19. 
Schmitt, H., Boucard, T., Garric, J., Jensen, J., Parrott, J., Péry, A., Römbke, J., Straub, J.O., 
Hutchinson, T.H. & Sánchez-Argüello, P., 2010. Recommendations on the environmental risk 
assessment of pharmaceuticals: effect characterization. Integrated Environmental Assessment and 
Management 6: 588-602. 
Schoener, T.W., 1974. Resource partitioning in ecological communities. Science 185: 27-39. 
Schoener, T.W., 1983. Field experiments on interspecific competition. American naturalist 122: 240-
285. 
Shahabuddin, Schulze, C.H. & Tscharntke, T., 2005. Changes of dung beetle communities from 
rainforests towards agroforestry systems and annual cultures in Sulawesi (Indonesia). Biodiversity 
and Conservation 14: 863-877. 
Sheehan, C., Kirwan, L., Connolly, J. & Bolger, T., 2006. The effects of earthworm functional group 
diversity on nitrogen dynamics in soils. Soil Biology & Biochemistry 38: 2629-2636. 
Shepherd, V.E. & Chapman, C.A., 1998. Dung beetles as secondary seed dispersers: impact on seed 
predation and germination. Journal of Tropical Ecology 14: 199-215. 
Sherratt, T., Macdougall, A., Wratten, S. & Forbes, A., 1998. Models to assist the evaluation of the 
impact of avermectins on dung insect populations. Ecological Modelling 110: 165-173. 
Sigurjonsdottir, H., 1984. Food competition among Scotophugu stercoraria Iarvae with emphasis on 
its effects on reproductive success. Ecological Entomology 9: 81-90. 
Sih, A., 1982. Foraging strategies and the avoidance of predation by an aquatic insect, Notonecta 
hoffmanni. Ecology 63: 786-796. 
Skidmore, P., 1991. Insects of the British cow-dung community. Field Studies Council Publ., 
Shrewsbury, G.B. : 1-166. 
 192 
 
Slade, E.M., Mann, D.J., Villanueva, J.F. & Lewis, O.T., 2007. Experimental evidence for the effects of 
dung beetle functional group richness and composition on ecosystem function in a tropical forest. 
Journal of Animal Ecology 76: 1094-1104. 
Smith, T. & Matthiessen, J., 1984. Field assessments of the impact of night-flying dung beetles 
(Coleoptera: Scarabaeidae) on the bush fly, Musca vetustissima Walker (Diptera: Muscidae), in south-
western Australia. Bulletin of Entomological Research 74: 191-195. 
Sommer, C. & Bibby, B.M., 2002. The influence of veterinary medicines on the decomposition of 
dung organic matter in soil. European Journal of Soil Biology 38: 155-159. 
Sommer, C. & Steffansen, B., 1993. Changes with time after treatment in the concentrations of 
ivermectin in fresh cow dung and in cow pats aged in the field. Veterinary Parasitology 48: 67-73. 
Sommer, C., Steffansen, B., Nielsen, B.O., Gronvold, J., Jensen, K.M.V., Jespersen, J.B., Springborg, 
J. & Nansen, P., 1992. Ivermectin excreted in cattle dung after subcutaneous injection or pour-on 
treatment: concentrations and impact on dung fauna. Bulletin of Entomological Research 82: 257-
264. 
Sowig, P., 1995. Habitat selection and offspring survival rate in three paracoprid dung beetles: the 
influence of soil type and soil moisture. Ecography 18: 147-154. 
Sowig, P., 1996. Brood care in the dung beetle Onthophagus vacca (Coleoptera: Scarabaeidae): The 
effect of soil moisture on time budget, nest structure, and reproductive success. Ecography 19: 254-
258. 
Sparling, G.P., Feltham, C.W., Reynolds, J., West, A.W. & Singleton, P., 1990. Estimation of soil 
microbial C by a fumigation-extraction method: use on soils of high organic matter content, and a 
reassessment of the kec-factor. Soil Biology & Biochemistry 22: 301-307. 
Spector, S., 2006. Scarabaeine dung beetles (Coleoptera: Scarabaeidae: Scarabaeinae): An 
invertebrate focal taxon for biodiversity research and conservation. The Coleopterists Bulletin 60: 71-
83. 
Steinfeld, H., Gerber, P., Wassenaar, T., Castel, V. & de Haan, C., 2006. Livestock's long shadow: 
environmental issues and options. United Nations Food and Agriculture, Rome. 
Stevenson, B.G. & Dindal, D.L., 1987. Insect effects on decomposition of cow dung in microcosms. 
Pedobiologia 30: 81-92. 
Stiernet, N. & Lumaret, J.-P., 1993. Organisation des peuplements de Scarabéides coprophages de 
Vanoise (Insectes Coléoptères). Actes du 116ème Congrès national des Sociétés savantes, CTSH, 
Paris, France: 225-239. 
Strong, L., Wall, R., Woolford, A. & Djeddour, D., 1996. The effect of faecally excreted ivermectin 
and fenbendazole on the insect colonisation of cattle dung following the oral administration of 
sustained-release boluses. Veterinary Parasitology 62: 253-266. 
Suarez, V.H., Lifschitz, A.L., Sallovitz, J.M. & Lanusse, C.E., 2003. Effects of ivermectin and 
doramectin faecal residues on the invertebrate colonization of cattle dung. Journal of Applied 
Entomology 127: 481-488. 
Suarez, V.H., Lifschitz, A.L., Sallovitz, J.M. & Lanusse, C.E., 2009. Effects of faecal residues of 
moxidectin and doramectin on the activity of arthropods in cattle dung. Ecotoxicology and 
Environmental Safety 72: 1551-1558. 
Taylor, M.A., 2001. Recent developments in ectoparasiticides. Veterinary Journal 161: 253-268. 
Terborgh, J., Feeley, K., Silman, M., Nuñez, P. & Balukjian, B., 2006. Vegetation dynamics of 
predator-free land-bridge islands. Journal of Ecology 94: 253-263. 
Travis, J.M. & Dytham, C., 1999. Habitat persistence, habitat availability and the evolution of 
dispersal. Proceedings of the Royal Society of London. Series B: Biological Sciences 266: 723-728. 
Tronquet, M., 2001. Catalogue des Coleoptères des Pyrénées-Orientales. Vol. 1. Staphylinidae. Revue 
de l’Association roussillonnaise d’Entomologie 10: 1-88. 
Tylianakis, J.M., Didham, R.K., Bascompte, J. & Wardle, D.A., 2008. Global change and species 
interactions in terrestrial ecosystems. Ecology Letters 11: 1351-1363. 
Tyndale-Biscoe, M. & Vogt, W., 1991. Effects of adding exotic dung beetles to native fauna on bush 
fly breeding in the field. Entomophaga 36: 395-401. 
 193 
 
Tyndale-Biscoe, M., Wallace, M. & Walker, J., 1981. An ecological study of an Australian dung 
beetle, Onthophagus granulatus Boheman (Coleoptera: Scarabaeidae), using physiological age-
grading techniques. Bulletin of Entomological Research 71: 137-152. 
Valiela, I., 1969. An experimental study of the mortality factors of larval Musca autumnalis DeGeer. 
Ecological Monographs 39: 199-225. 
Valiela, I., 1974. Composition, food webs and population limitation in dung arthropod communities 
during invasion and succession. American Midland Naturalist 92: 370-385. 
Van Leeuwen, C. & Hermens, J., 1995. Risk Assessment of Chemicals: An Introduction. Kluwer 
Academic Publisher, Dordrecht, The Netherlands. 
Verdú, J. & Galante, E., 2004. Behavioural and morphological adaptations for a low-quality resource 
in semi-arid environments: dung beetles (Coleoptera, Scarabaeoidea) associated with the European 
rabbit (Oryctolagus cuniculus L.). Journal of Natural History 38: 705-715. 
Vessby, K. & Wiktelius, S., 2003. The influence of slope aspect and soil type on immigration and 
emergence of some northern temperate dung beetles. Pedobiologia 47: 39-51. 
VICH, 2000. (International Cooperation on Harmonisation of Technical Requirements for Registration 
of Veterinary Medicinal Products) Environmental impact assessment (EIAs) for veterinary medicinal 
products (VMP)-Phase I. VICH GL 6, Ecotoxicity Phase I. 
VICH, 2004. (International Cooperation on Harmonisation of Technical Requirements for Registration 
of Veterinary Medicinal Products) Environmental impact assessment (EIAs) for veterinary medicinal 
products (VMP)-Phase II. VICH GL 38, Ecotoxicity Phase II. 
Vitousek, P.M., Mooney, H.A., Lubchenco, J. & Melillo, J.M., 1997. Human domination of Earth's 
ecosystems. Science 277: 494-499. 
Wachendorf, C., Lampe, C., Taube, F. & Dittert, K., 2008. Nitrous oxide emissions and dynamics of 
soil nitrogen under 15N-labeled cow urine and dung patches on a sandy grassland soil. Journal of 
Plant Nutrition and Soil Science 171: 171-180. 
Wall, R. & Lee, C.M., 2010. Aggregation in insect communities colonizing cattle-dung. Bulletin of 
Entomological Research 100: 481-487. 
Wall, R. & Strong, L., 1987. Environmental consequences of treating cattle with the antiparasitic drug 
ivermectin. Nature 327: 418-421. 
Wallace, M.M.H. & Tyndale-Biscoe, M., 1983. Attempts to measure the influence of dung beetles 
(Coleoptera, Scarabaeidae) on the field mortality of the bushfly Musca vetustissima Walker (Diptera, 
Muscidae) in southeastern Australia. Bulletin of Entomological Research 73: 33-44. 
Wallace, M.M.H., Tyndale-Biscoe, M. & Holm, E., 1979. The influence of Macrocheles glaber on the 
breeding of the Australian bushfly, Musca vetustissima in cow dung. Recent Advances in Acarology 2: 
217-222. 
Wardhaugh, K., Longstaff, B. & Morton, R., 2001. A comparison of the development and survival of 
the dung beetle, Onthophagus taurus (Schreb.) when fed on the faeces of cattle treated with pour-on 
formulations of eprinomectin or moxidectin. Veterinary Parasitology 99: 155-168. 
Wardhaugh, K.G., Holter, P., Whitby, W.A. & Shelley, K., 1996. Effects of drug residues in the faeces 
of cattle treated with injectable formulations of ivermectin and moxidectin on larvae of the bush fly, 
Musca vetustissima and the house fly, Musca domestica. Australian Veterinary Journal 74: 370-374. 
Wardle, D.A., Yeates, G., Williamson, W., Bonner, K. & Barker, G., 2004. Linking aboveground and 
belowground communities: the indirect influence of aphid species identity and diversity on a three 
trophic level soil food web. Oikos 107: 283-294. 
Wardle, D.A., 2006. The influence of biotic interactions on soil biodiversity. Ecology letters 9: 870-
886. 
Waterhouse, D., 1974. The biological control of dung. Scientific American 230: 100-109. 
West, C., Mallarino, A., Wedin, W. & Marx, D., 1989. Spatial variability of soil chemical properties in 
grazed pastures. Soil Science Society of America Journal 53: 784-789. 
Williams, P. & Haynes, R., 1995. Effect of sheep, deer and cattle dung on herbage production and 
soil nutrient content. Grass and Forage Science 50: 263-271. 
 194 
 
Woodcock, B., Watt, A. & Leather, S., 2002. Aggregation, habitat quality and coexistence: a case 
study on carrion fly communities in slug cadavers. Journal of Animal Ecology 71: 131-140. 
Woodward, G., 2009. Biodiversity, ecosystem functioning and food webs in fresh waters: assembling 
the jigsaw puzzle. Freshwater Biology 54: 2171-2187. 
Wu, X., Duffy, J.E., Reich, P.B. & Sun, S., 2011. A brown-world cascade in the dung decomposer food 
web of an alpine meadow: effects of predator interactions and warming. Ecological Monographs 81: 
313-328. 
Wu, X. & Sun, S., 2010. The roles of beetles and flies in yak dung removal in an alpine meadow of 
eastern Qinghai-Tibetan Plateau. EcoScience 17: 146-155. 
Yamada, D., Imura, O., Shi, K. & Shibuya, T., 2007. Effect of tunneler dung beetles on cattle dung 
decomposition, soil nutrients and herbage growth. Grassland Science 53: 121-129. 
Yokoyama, K. & Kai, H., 1993. Distribution and flow of nitrogen in a cow dung-soil system colonized 
by paracoprid dung beetles. Edaphologia 50: 1-10. 
Yokoyama, K., Kai, H., Koga, T. & Aibe, T., 1991a. Nitrogen mineralization and microbial populations 
in cow dung, dung balls and underlying soil affected by paracoprid dung beetles. Soil Biology and 
Biochemistry 23: 649-653. 
Yokoyama, K., Kai, H. & Tsuchiyama, H., 1991b. Paracoprid dung beetles and gaseous loss of 
nitrogen from cow dung. Soil Biology and Biochemistry 23: 643-647. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 195 
 
Annexe 
Valorisation scientifique (travaux en cours ou publiés) 
 
Rapports et publications  
1.! Rapport final, mars 2014, rendu à l’Agence fédérale de l’Environnement 
(Allemagne) : 
 
Comparison of dung and soil fauna from pastures treated with and without ivermectin as 
an example of the effects of a veterinary pharmaceutical 
FKZ 371063412 (ECT Project number P10046) 
Final Report 
Contractor: Consortium consisting of: 
a ECT Oekotoxikologie GmbH, Flörsheim, Germany 
Dr. J. Römbke (Co-ordination), Dipl.-Ing. A. Scheffczyk 
b University of Montpellier, France 
Prof. J-P. Lumaret, T. Tixier 
c Evolutionary Biology & Environmental Studies 
University of Zürich-Irchel, Switzerland 
Dr. W. Blanckenhorn 
d Alterra, Wageningen Holland 
Dr. J. Lahr 
e Lethbridge Research Center, Canada 
Dr. K. Floate 
Subcontract: 
University of Giessen, Germany 
Prof. R. Dühring, Dipl.-Chem. M. Wohde 
ON BEHALF OF THE FEDERAL ENVIRONMENT AGENCY WÖRLITZER PLATZ 1, 06844 DESSAU-
ROßLAU 
 
 196 
 
 
2.! Article soumis en octobre 2014 à European Journal of Soil Biology. En attente de 
décision. 
 
Title: Contributions of the successive waves of coprophagous and predatory insects in dung 
removal in a grazed agro-ecosystem 
List of authors: Tixier T.a, Lumaret J.P.a, Sullivan G.T.b 
Institute or laboratory of origin: 
a UMR 5175 CEFE, Université Paul-Valéry Montpellier, Laboratoire Zoogéographie, 34199 
Montpellier cedex 5, Fance 
b School of Geography Planning and Environmental Management, The University of 
Queensland, Brisbane, Australia 
 
 
3.! Communication courte soumise en novembre 2014 à Acta Oecologia. En attente 
de décision. 
 
Title: Species-specific effects of dung beetle density on dung removal and plant litter 
decomposition 
List of authors: Tixier T.1, Bloor J.M.G. 2, Lumaret J.P.1 
Institute or laboratory of origin: 
1 UMR 5175 CEFE, Université Paul-Valéry Montpellier, Laboratoire Zoogéographie, 34199 
Montpellier cedex 5, Fance 
2 INRA, UR874Grassland Ecosystem Research Unit, 5 Chemin de Beaulieu, F-63039 Clermont-
Ferrand, France 
 
4.! Article en révision par les co-auteurs pour soumission prochaine (début 2015) 
dans Environmental Toxicology and Chemistry (ET&C) 
Title:  Dissipation of the antiparasitic Ivermectin in cattle dung and soil at four parallel field 
studies 
 197 
 
List of authors: Wohde M.a, Blanckenhorn W.b, Coghlin P.c, Düring R.a, Floate K.c, Lahr J.d, 
Lumaret J.P.e, Scheffczyk A.f, Tixier T.e, Römbke J.f 
Institute or laboratory of origin: 
a Justus-Liebig-Universität Giessen, Institut für Bodenkunde und Bodenerhaltung, IFZ, 
Heinrich-Buff-Ring 26-32, 35392 Giessen, Germany 
b Institute of Evolutionary Biology and Environmental Studies, Winterthurerstrasse 190, 8057 
Zurich, Switzerland  
c Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, Alberta, Canada 
d Alterra, Wageningen UR, P. O. Box 46, 6700 AA Wageningen, The Netherlands 
e UMR 5175 CEFE, Université Paul-Valéry Montpellier, Laboratoire Zoogéographie, 34199 
Montpellier cedex 5, France 
f ECT Oekotoxikologie GmbH, Böttgerstrasse 2-14, D-65439 Flörsheim, Germany 
 
 
5.! Article en révision par les co-auteurs pour soumission prochaine (début 2015) 
dans Environmental Toxicology and Chemistry (ET&C) 
Title: An international ring test to assess effects of ivermectin application to cattle on dung 
fauna 
List of authors: Blanckenhorn W.U.a, Floate K.b, Lahr J.c, Lumaret J.P.d, Tixier T.d, Wohde M.e, 
Düring R.-A.e, Römbke J.f 
Institute or laboratory of origin: 
a Institute of Evolutionary Biology and Environmental Studies, Winterthurerstrasse 190, 8057 
Zurich, Switzerland 
b Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, Alberta, 
Canada 
c Alterra, Wageningen UR, P. O. Box 46, 6700 AA Wageningen, The Netherlands 
d UMR 5175 CEFE, Université Paul-Valéry Montpellier, Laboratoire Zoogéographie, 34199 
Montpellier cedex 5, France 
e Justus-Liebig-Universität Giessen, Institut für Bodenkunde und Bodenerhaltung, IFZ, 
Heinrich-Buff-Ring 26-32, 35392 Giessen, Germany 
f ECT Oekotoxikologie GmbH, Böttgerstrasse 2-14, D-65439 Flörsheim, Germany 
 198 
 
 
 
6.! Article en révision par les co-auteurs pour soumission prochaine (début 2015) 
dans Environmental Toxicology and Chemistry (ET&C) 
Title: Comparison of non-target effects of ivermectin residues on function of coprophilous 
communities of arthropods in different climatic regions 
List of authors: Tixier T.a, Lumaret J.P.a, Blanckenhorn W.b, Lahr J.c, Floate K.d, Coghlin P.d, 
Scheffczyk A.e, Düring R.f, Wohde M.f, Römbke J.e 
Institute or laboratory of origin: 
a UMR 5175 CEFE, Université Paul-Valéry Montpellier, Laboratoire Zoogéographie, 34199 
Montpellier cedex 5, France 
b Institute of Evolutionary Biology and Environmental Studies, Winterthurerstrasse 190, 8057 
Zurich, Switzerland  
c Alterra, Wageningen UR, P. O. Box 46, 6700 AA Wageningen, The Netherlands 
d Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, Alberta, 
Canada 
e ECT Oekotoxikologie GmbH, Böttgerstrasse 2-14, D-65439 Flörsheim, Germany 
f Justus-Liebig-Universität Giessen, Institut für Bodenkunde und Bodenerhaltung, IFZ, 
Heinrich-Buff-Ring 26-32, 35392 Giessen, Germany 
 
 
7.! Article en révision par les co-auteurs pour soumission prochaine (début 2015) 
dans Environmental Toxicology and Chemistry (ET&C) 
Title: Non-target effects of Ivermectin residues on soil organisms at four grassland sites 
(France, Switzerland, The Netherlands, Canada) 
List of authors: Scheffczyk A.a, Floate K.b, Blanckenhorn W.c, Coghlin P.b, Düring R-A.d, 
Klockner A.a, Lahr J.e, Lumaret J.-P.f, Tixier T.f, Wohde M.d, Römbke J.a 
Institute or laboratory of origin: 
a ECT Oekotoxikologie GmbH, Böttgerstrasse 2-14, D-65439 Flörsheim, Germany 
b Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, Alberta, 
Canada 
 199 
 
c Institute of Evolutionary Biology and Environmental Studies, Winterthurerstrasse 190, 8057 
Zurich, Switzerland 
d Justus-Liebig-Universität Giessen, Institut für Bodenkunde und Bodenerhaltung, IFZ, 
Heinrich-Buff-Ring 26-32, 35392 Giessen, Germany 
e Alterra, Wageningen UR, P. O. Box 46, 6700 AA Wageningen, The Netherlands 
f UMR 5175 CEFE, Université Paul-Valéry Montpellier, Laboratoire Zoogéographie, 34199 
Montpellier cedex 5, France 
 
 
8.! Article en révision par les co-auteurs pour soumission prochaine (début 2015) 
dans Environmental Toxicology and Chemistry (ET&C) 
Title: Recommendations to prevent non-target effects on environment of veterinary 
medicine products  
List of authors: Römbke J.a, Scheffczyk A.a, Floate K.b, Blanckenhorn W.c, Coghlin P.b, Düring 
R-A.d, Klockner A.a, Lahr J.e, Lumaret J.-P.f, Tixier T.f, Wohde M.d 
Institute or laboratory of origin: 
a ECT Oekotoxikologie GmbH, Böttgerstrasse 2-14, D-65439 Flörsheim, Germany 
b Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, Alberta, 
Canada 
c Institute of Evolutionary Biology and Environmental Studies, Winterthurerstrasse 190, 8057 
Zurich, Switzerland 
d Justus-Liebig-Universität Giessen, Institut für Bodenkunde und Bodenerhaltung, IFZ, 
Heinrich-Buff-Ring 26-32, 35392 Giessen, Germany 
e Alterra, Wageningen UR, P. O. Box 46, 6700 AA Wageningen, The Netherlands 
f UMR 5175 CEFE, Université Paul-Valéry Montpellier, Laboratoire Zoogéographie, 34199 
Montpellier cedex 5, France 
 
 
9.! Article en préparation par les co-auteurs pour soumission prochaine (début 2015)  
Title: Effects of experimental assemblages of dung beetle species on dung removal, plant 
litter de composition and nutrients exchanges between dung and soil 
 200 
 
List of authors: Tixier T.1, Bloor J.M.G. 2, Lumaret J.P.1 
Institute or laboratory of origin: 
1 UMR 5175 CEFE, Université Paul-Valéry Montpellier, Laboratoire Zoogéographie, 34199 
Montpellier cedex 5, Fance 
2 INRA, UR874Grassland Ecosystem Research Unit, 5 Chemin de Beaulieu, F-63039 Clermont-
Ferrand, France 
 
 
Communications 
1.! Tixier T.  
Effects of disturbance on dung beetle communities in grazed ecosystems 
Communication orale et poster 
Annual Meeting of the EuroPhD Network in Insect Sciences. Joué-Les-Tours (Tours) France - 
November 7th-11th, 2011 
 
2.! Blanckenhorn, W.U., Lahr J., Römbke, J., Lumaret J.P., Tixier T., Floate, K.D. 
Effects of ivermectin application to cattle on dung fauna and dung degradation. An 
international comparison of field studies 
Communication orale et poster 
6th SETAC World Congress / SETAC Europe 22nd Annual Meeting, Berlin, 20-24 May 2012 
 
3.! Floate, K., Blanckenhorn W., Lumaret J.-P., Tixier T., Lahr J., Römbke J. 
An international multi-species ring test to assess the non-target effects of residues in dung 
of cattle treated with veterinary pharmaceuticals 
Communication et poster 
Joint Annual Meeting of the Entomological Societies of Canada and the Entomological 
Society of Alberta, Edmonton, AB, Canada, 3-7 November 2012 
 
4.! Lumaret J.-P., Römbke J., Kadiri N., Errouissi F., Tixier T., Floate K. 
Antiparasitics and their impact on soil dung fauna 
Conférence invitée 
 201 
 
International UBA Workshop “Pharmaceuticals in Soil, Sludge and Slurry”, Dessau 
(Germany), 18-19 June 2013 
 
5.! Lahr J., Blanckenhorn W.U., Floate K., Lumaret J.-P., Tixier T., Wohde M., Düring 
R.-A., Römbke J. 
An international ring test to assess effects of ivermectin; application to cattle on dung 
fauna and dung degradation 
Communication orale et poster 
24th Annual Meeting of the Society of Environmental Toxicology and Chemistry (SETAC), 
Basel, Switzerland, 11-15 May 2014 
 
6.! Scheffczyk A., Floate K., Blanckenhorn W., Coghlin P., Düring R-A., Klockner A., 
Lahr J., Lumaret J.-P., Tixier T., Wohde M., Römbke J. 
Non-target effects of Ivermectin residues on soil organisms at four grassland sites (France, 
Switzerland, The Netherlands, Canada) 
Communication et poster 
24th Annual Meeting of the Society of Environmental Toxicology and Chemistry (SETAC), 
Basel, Switzerland, 11-15 May 2014 
 
7.! Wohde M., Blanckenhorn W., Coghlin P., Düring R., Floate K., Lahr J., Lumaret J.-
P., Scheffczyk A., Tixier T., Römbke J. 
Dissipation of the Antiparasitic Ivermectin in Cattle Dung and Soil at 4 Parallel Field Studies 
Communication orale et poster 
24th Annual Meeting of the Society of Environmental Toxicology and Chemistry (SETAC), 
Basel, Switzerland, 11-15 May 2014 
 
8.! Tixier T., Bloor J.M.G., Lumaret J.P.  
Power in numbers? Density effects of three dung beetle species on dung removal and 
plant litter decomposition 
Poster 
Colloque SFE/BES, Lille Décembre 2014  
 202 
 
 
 
